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SUMMARY
L o w -re so lu t io n  s p e c t r a l  a b s o r p t i v i t i e s  have been e x p e r im e n ta l ly  
de te rm ined  f o r  w a te r  v ap o u r,  carbon  d io x id e  and carbon  monoxide 
i n  th e  n e a r  i n f r a - r e d .  The g a se s  were c o n ta in e d  in  a " t e s t ” c e l l  
l o c a te d  w i th in  an  e l e c t r i c  fu rn a c e  and su rro u n d ed  by a  p r e s s u r e  
v e s s e l  c o n ta in in g  i n e r t  n i t r o g e n  a t  th e  same p r e s s u r e  a s  the  " t e s t "  
g a s .  Thermal r a d i a t i o n  from a N ern s t  f i l a m e n t  e n t e r s  and le a v e s  
th e  " t e s t "  c e l l  and p r e s s u r e  v e s s e l  th ro u g h  i n f r a - r e d  t r a n s m i t t i n g  
windows, and th e  a t t e n u a t e d  r a d i a t i o n  i s  d e te c t e d  and a n a ly se d  
w ith  r e s p e c t  to  w av eleng th .
The a b s o r p t io n  bands s tu d ie d  were th e  1 .9  pm and 2 .7  J^ m bands of 
w a te r  v a p o u r ,  th e  2 .0  pm, 2 .7  pm and 4*3 pm bands o f  carbon  
d io x id e  and th e  2 .35  pm band of ca rb o n  monoxide. Gas p r e s s u r e s  
were v a r i e d  from 1 to  8 b a r ,  t e m p e ra tu re s  from  am bien t (293K) to  
900K and th e  mole f r a c t i o n s  o f  th e  a b s o rb in g  g a s ,  i n  a  m ix tu re  
w ith  n i t r o g e n ,  ranged  from 0.1 to  1 .0 .  The r a d i a t i o n  p a t h l e n g t h , 
a s  i n d ic a t e d  by th e  l e n g th  o f  th e  •’t e s t "  c e l l ,  was 15-0 cm a t  
am bient and 9 .3  cm a t  a l l  t e m p e ra tu re s .  Hence, a b s o rb e r  gas 
c o n c e n t r a t io n s  were 0 .4  t o  112 b a r .  cm.gTp .
T o ta l  a b s o rp ta n c e s  were c a l c u l a t e d  f o r  a l l  t h e  a b s o r p t io n  bands 
s t u d i e d ,  and c o r r e l a t i o n  e q u a t io n s  deve loped  t o  r e l a t e  th e  band 
a b s o rp ta n c e s  w i th  th e  gas p a r t i a l  p r e s s u r e ,  t o t a l  p r e s s u r e ,  
te m p e ra tu re  and r a d i a t i o n  p a th l e n g th .  The a c c u ra c y  and a p p l i c a ­
b i l i t y  o f  each  o f  th e  c o r r e l a t i o n s  was d e te rm in e d  a s  a  r e s u l t  o f 
com parisons w i th  e x p e r im e n ta l  d a ta .
The e f f e c t s  o f  m ix tu re s  o f  carbo n  d io x id e  and w a te r  vapour on 
s p e c t r a l  and band a b s o r p t io n  have been commented on.
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SECTION 1
INTRODUCTION
INTRODUCTION
R a d ia t io n  h e a t  t r a n s f e r  i s  t h e  t r a n s m is s io n  of energy  
between two b o d ie s  a t  d i f f e r e n t  t e m p e ra tu re s .  I t  d i f f e r s ,  
however, from th e  o th e r  h e a t  t r a n s f e r  mechanisms, 
co n d u c tio n  and c o n v e c t io n ,  i n  t h a t  th e  two b o d ie s  need 
have no d i r e c t  p h y s i c a l  c o n ta c t .
The t r u e  c h a r a c t e r  o f r a d i a t i o n  and i t s  method o f  t r a n s f e r  
i s  s t i l l  i n  some d o u b t ,  s in c e  some phenomena can  be 
e x p la in e d  o n ly  by a  c l a s s i c a l  e le c t ro m a g n e t ic  wave th e o ry  
and o th e r s  by quantum m echan ics . The p r e s e n t  v iew s a re  
b r i e f l y  e x p re s s e d  below .
R a d ia t io n  i s  t r a n s m i t t e d  th ro u g h  f r e e  sp ace  by e l e c t r o ­
m agnetic  waves. A l l  s u b s ta n c e s  a t  te m p e ra tu re s  above 
a b s o lu te  z e ro  c o n t in u o u s ly  em it e le c t r o - m a g n e t i c  r a d i a t i o n  
w ith  a wide ran g e  of w a v e le n g th s .  The te rm  " r a d i a t i o n "  
can be l o o s e ly  a p p l i e d  to  a l l  ty p e s  o f  e le c t r o - m a g n e t i c  
wave phenomena, b u t  th o se  which o ccu r a s  a r e s u l t  of 
te m p e ra tu re  l e v e l ,  and can t h u s  be d e te c t e d  as  h e a t ,  a r e  
c a l l e d  “th e rm a l  r a d i a t i o n " .  These waves, produced by th e  
c o n v e rs io n  o f  p a r t  o f  t h e  body’s i n t e r n a l  e n e rg y ,  t r a v e l  
i n  space  a t  th e  v e l o c i t y  o f l i g h t . When th e y  a r e  i n c id e n t  
on a n o th e r  body, th e  en erg y  of th e  wave i s  p a r t i a l l y  
absorbed  and c o n v e r te d  i n t o  i n t e r n a l  en e rg y .  A t r a n s f e r  
of energyhhas th u s  been  e f f e c t e d .
The t r a n s f e r  of en ergy  ta k e s  p la c e  i n  th e  form o f  s m a l l ,  
b u t  f i n i t e ,  energ y  u n i t s  known as  " q u a n ta " .  P la n c k ’s 
quantum th e o r y ,  which r e l a t e s  th e  energ y  of each  quantum 
to  th e  f re q u e n c y  of t h e  a s s o c i a t e d  e le c t r o - m a g n e t i c  wave, 
s a t i s f a c t o r i l y  e x p la in s  th e  d u a l  n a tu r e  o f  r a d i a t i o n .
The t o t a l  amount o f  energy  r a d i a t e d  by a  body depends 
on th e  a b s o lu te  te m p e ra tu re  and th e  n a tu r e  o f  th e  
e m i t t in g  s u r f a c e .  An i d e a l  r a d i a t o r ,  o r  b lackbody , 
i s  a  body which em its  th e  maximum amount of r a d i a t i o n  
a t  a g iven  te m p e a tu re .  S te f a n  and Boltzmann have shown 
t h a t  th e  r a t e  of e m is s io n  from  a b lackbody  i s  p r o p o r t io n a l  
to  the  f o u r t h  power o f  a b s o lu te  t e m p e ra tu re ,  w h ile  
P la n c k 's  law g iv e s  th e  s p e c t r a l  d i s t r i b u t i o n  of t h i s  
"em iss iv e  power" a t  any te m p e ra tu re .
Although th e  r a t e  of e m iss io n  i s  in d ep e n d en t  o f  su r ro u n d in g  
c o n d i t io n s ,  NET r a d i a t i v e  t r a n s f e r  r e q u i r e s  a te m p e ra tu re  
d i f f e r e n c e  between th e  t r a n s f e r r i n g  and r e c e iv in g  b o d ie s .
Due to  i t s  f o u r t h  power dependence , however, r a d i a t i o n  i s  
th e  dominant mode o f  h e a t  t r a n s f e r  a t  h ig h  te m p e ra tu re s ,  
even where sm a ll  te m p e ra tu re  d i f f e r e n c e s  o c c u r .  C onseq uen tly , 
r a d i a t i o n  b o n t r ib u t e s  s u b s t a n t i a l l y  to  t h e  h e a t  t r a n s f e r  i n  
f u rn a c e s ,  com bustion cham bers , r o c k e t  n o z z le s ,  n u c le a r  power 
p l a n t s  and o th e r  d e v ic e s  o p e r a t in g  a t  r e l a t i v e l y  h igh  
te m p era tu re  l e v e l s .
In  p r a c t i c e ,  few s u r f a c e s  behave a s  b la c k b o d ie s ,  bu t em it 
r a d i a t i o n  a t  low er r a t e s .  To accou n t f o r  t h i s  an e m is s iv i ty  
i s  d e f in e d ,  f o r  a  r e a l  s u r f a c e ,  a s  th e  r a t i o  of th e  energy 
e m it te d  by th e  body a t  a  g iv e n  te m p e ra tu re  t o  t h a t  e m it te d  
by an  i d e n t i c a l ,  b u t  b l a c k ,  body a t  t h e  same te m p e ra tu re .
S im i la r ly ,  th e  m onochromatic e m i s s iv i t y  i s  th e  r a t i o  o f  t h e  
monochromatic em iss iv e  power o f  th e  body to  t h a t  o f  a 
blackbody a t  th e  same te m p e ra tu re  and w av e len g th . I f  th e  
monochromatic e m i s s iv i t y  i s  e s s e n t i a l l y  c o n s ta n t  over th e  
s p e c t r a l  range  i n  which th e  r a d i a t i o n  i s  p redom in an t,  th e n  
th e  body i s  c a l l e d  a  g rey  body. For many h e a t  t r a n s f e r
prob lem s, a  s u r f a c e  i s  assumed to  be g re y  even though 
most s u r f a c e s  e x h i b i t  non -g rey  c h a r a c t e r i s t i c s .
When r a d i a t i o n  i s  i n c i d e n t  on a  body, i t  i s  e i t h e r  
r e f l e c t e d  a t  t h e  s u r f a c e ,  t r a n s m i t t e d  th ro u g h  th e  body 
or abso rbed  by th e  body. The f r a c t i o n  of th e  i n c i d e n t  
r a d i a t i o n  t h a t  i s  ab so rbed  i s  term ed the  a b s o r p t i v i t y .  
K irc h h o f f  has  found t h a t  when a body i s  i n  th e rm a l  
e q u i l ib r iu m  w i th  i t s  s u r ro u n d in g s ,  i t  must be e m i t t i n g  
and a b so rb in g  r a d i a t i o n  a t  e q u a l  r a t e s .  Under such 
c o n d i t i o n s ,  th e  a b s o r p t i v i t y  and e m is s iv i ty  of th e  body 
a re  e q u a l .  S i m i l a r l y ,  th e  monochromatic a b s o r p t i v i t i e s  
and e m i s s i v i t i e s  a r e  e q u a l  a t  any w aveleng th  and under 
any c o n d i t i o n s .  I t  i s  o b v io u s ,  t h e r e f o r e ,  t h a t  a 
b lackbody i s  no t o n ly  a p e r f e c t  r a d i a t o r  of en ergy  bu t 
a l s o  a  p e r f e c t  a b s o rb e r .
Energy e m it te d  from a s o l i d  o r l i q u i d  c o n s i s t s  of a 
c o n tin u o u s  f re q u e n c y  sp ec trum . Gaseous e m iss io n  (and 
a b s o r p t io n ) ,  however, i s  r e s t r i c t e d  to  c e r t a i n  freq u en cy  
bands which a r e  c h a r a c t e r i s t i c  o f  th e  p e rm i t te d  energy  
l e v e l s  f o r  th e  g a se s  p r e s e n t .
Each m olecu le  of a  gas  e m its  r a d i a t i o n  a t  th e  expense of 
i t s  i n t e r n a l  e n e rg y ,  th e  f re q u e n c y  o f  th e  r a d i a t i o n  
depending on th e  q u a n t i t y  of energy  r e l e a s e d  a c c o rd in g  
to  P l a n c k 's  th e o r y .  A b so rp t io n  i s  th e  r e v e r s e  p r o c e s s ,  
th e  f req u e n cy  of th e  abso rbed  r a d i a t i o n  r e s u l t i n g  i n  a n  
energy t r a n s i t i o n  w i t h in  th e  m o lecu le  from a low er to  a 
h ig h e r  ( e x c i t e d )  energy  l e v e l .
The e m iss io n  spec trum  of a  m u l t i - a to m ic  gas c o n s i s t s  o f 
a number o f f re q u e n c y  ban d s , each  c o n ta in in g  many l i n e s
due to  q u a n t i t a t i v e  changes i n  energy  l e v e l .
The energy  l e v e l  of a m o lecu le  can  be re g a rd e d  as 
being  th e  com bin a tion  of t h r e e  modes of o s c i l l a t i o n ,  
namely th e  e l e c t r o n i c ,  v i b r a t i o n a l  and r o t a t i o n a l  
modes. The m agnitudes of th e s e  e n e r g ie s  a re  such 
t h a t ,  i n  g e n e r a l ,  e l e c t r o n - o r b i t  t r a n s i t i o n s  g ive  
r i s e  to  l i n e s  i n  th e  u l t r a - v i o l e t  and v i s i b l e  spec trum , 
atom v i b r a t i o n a l  changes w i th in  th e  m olecu le  f a l l  i n  
th e  i n f r a - r e d ,  w h ile  m o le c u la r  r o t a t i o n a l  changes a re  
i n  th e  f a r  i n f r a - r e d  and microwave r e g io n s .
S ince v i b r a t i o n a l  energy  l e v e l s  i n  a m olecu le  a re  
i n t im a te ly  coupled  t o  r o t a t i o n a l  l e v e l s ,  r o t a t i o n a l  
t r a n s i t i o n s  may o ccu r  s im u l ta n e o u s ly  w i th  a  v i b r a t i o n a l  
t r a n s i t i o n .  C o n seq u en tly , th e  spec tru m  i n  th e  r e g io n  
of a g iven  v i b r a t i o n a l  f req u e n cy  w i l l  have a  number of 
a b s o r p t io n /e m is s io n  l i n e s  due t o  th e  a s s o c i a t e d  
r o t a t i o n a l  changes. T h is  r e g io n  of t h e  spectrum  i s  
termed a v i b r a t . i o n - r o t a t i o n  band.
In  a c tu a l  sy s te m s , th e  en ergy  l e v e l s  o f a m o lecu le  a r e  
a f f e c t e d  by th e  e l e c t r i c  f o r c e s  e x e r te d  by a d ja c e n t  
m o le cu le s .  As a  r e s u l t ,  t h e  t r a n s i t i o n  f req u en cy  i n  
a  gas w i l l  d i f f e r  s l i g h t l y  from t h a t  p r e d ic te d  f o r  a  
s in g le  m o lecu le .  The e f f e c t  o f  t h i s  i s  a  "b roaden ing"  
o f th e  s p e c t r a l  l i n e s  t h a t  c a u se s  an in c r e a s e  i n  th e  
a b s o r p t io n  o r  e m is s io n .
Many common g a s e s ,  such  a s  th e  i n e r t  g a se s  (A, Ne, e tc )  
and th o se  w i th  sym m etric  d ia to m ic  m o lecu les  (02 , N2 , H2) 
a re  p r a c t i c a l l y  t r a n s p a r e n t  t o  th e rm a l  r a d i a t i o n .  These 
g ases  n e i t h e r  emit n o r  a b so rb  r a d i a t i o n  i n  any s i g n i f i c a n t
6q u a n t i t i e s  a t  t e m p e ra tu re s  of p r a c t i c a l  i n t e r e s t .  In  
the  case  o f  t h e  d ia to m ic  m o le c u le s ,  t h i s  i s  due t o  th e  
absence of a  d ip o le  moment betw een the  a tom s. H e te ro p o la r  
m o lecu les  such  a s  u n sy m m etr ica l ,  d ia to m ic  gas m o le cu le s  
(CO, HCl) and p o ly a to m ic  g a se s  ( C02 , H20 v a p o u r ,  S02 ,
NH3 , N0x , h y d ro ca rb o n  g a se s )  a re  a b s o rb e rs  and e m i t t e r s  
o f the rm al r a d i a t i o n ,  b u t  o n ly  w i th in  the  l im i t e d  
s p e c t r a l  bands m entioned  e a r l i e r .
Some g a se s  have v i b r a t i o n - r o t a t i o n  bands i n  s i m i l a r  
r e g io n s  of th e  sp e c tru m . A m ix tu re  of t h e s e  g a se s  
produces o v e r la p p in g  s p e c t r a l  bands , each  g a s  b e in g  
on ly  p a r t i a l l y  t r a n s p a r e n t  to  r a d i a t i o n  from  th e  o t h e r .
The t o t a l  r a d i a t i o n  from th e  gas m ix tu re  i n  th e  o v e r la p  
r e g io n  i s  th u s  l e s s  th a n  i f  t h e  g ases  were c o n s id e re d  
in d e p e n d e n t ly .  C o r r e c t io n  f a c t o r s  to  acco un t f o r  t h i s  
a t t e n u a t i o n  have b een  c a l c u l a t e d  t h e o r e t i c a l l y  by a 
number of i n v e s t i g a t o r s  b u t ,  g e n e r a l l y ,  d is a g re e m e n ts  
a re  n o t a b l e .
As th e  m ain p ro d u c ts  of com bustion  of a l l  carbonaceous 
and h yd ro ca rb o n  f u e l s ,  w a te r  vapour and carb on  d io x id e  
a re  th e  most im p o r ta n t  g a se s  e n co u n te red  i n  many sy s tem s.
In  some c a s e s ,  su c h  a s  i n  re d u c in g  a tm o sp h e res ,  s i g n i f i c a n t  
amounts of c a rb o n  monoxide may be p r e s e n t .
A r ig o r o u s  t r e a tm e n t  of g a s  r a d i a t i o n  problem s can  be complex 
even when th e  geom etry  of t h e  system  i s  s im p le .  C onsequen tly  
the  t o t a l  e m is s io n  from  o r  a b s o r p t io n  o f  a  gas o f  known ✓ 
c h a r a c t e r  can be a n a ly s e d  by th e  methods of H o t t e l  (58) 
which produce  app rox im ate  r e s u l t s  o f e n g in e e r in g  v a lu e .
The e m p ir ic a l  d a ta  on th e  e m i s s i v i t i e s  o f  C02 and H^O 
vapour, o b ta in e d  by H o t t e l  and c o r r e l a t e d  a g a i n s t  th e  
gas a b so rb e r  c o n c e n t r a t i o n  ( i . e .  the  p ro d u c t  of gas 
p a r t i a l  p r e s s u r e  and mean beam le n g th )  f o r  a wide 
tem p era tu re  r a n g e ,  has  been  and s t i l l  i s  used 
e x te n s iv e ly  by e n g in e e r s .  These d a ta  r e q u i r e  
c o r r e c t io n s  no t on ly  to  a cc o u n t  f o r  m utual a b s o r p t io n  
between th e  s e p a r a t e  g a se s  i n  a  m ix tu re  bu t a l s o  when 
th e  t o t a l  p r e s s u r e  of th e  gas  or g a s  m ix tu re  i s  o th e r  
th an  a tm o sp h e r ic .  I t  i s  h e re  t h a t  th e  g r e a t e s t  
u n c e r t a i n t y  e n t e r s  th e  c a l c u l a t i o n  o f  gaseous r a d i a t i o n .  
There i s  a  need , t h e r e f o r e ,  f o r  much more d a ta  th an  i s  
c u r r e n t ly  a v a i l a b l e ,  p a r t i c u l a r l y  a t  e le v a te d  p r e s s u r e s .
As an a l t e r n a t i v e  to  t o t a l  r a d i a t i o n  d e t e r m i n a t i o n s , 
t h e r e  a re  t h r e e  ways i n  w hich  r a d i a t i o n  in te r c h a n g e  
can be s t u d i e d : -
T h e . f i r s t  i n v o lv e s  a  knowledge of th e  s p e c t r a l  s t r u c t u r e  
. a s s o c ia t e d  w i th  th e  e m iss io n  o r  a b s o r p t io n  of r a d i a t i o n  
by a gas o r  gas  m ix tu r e .  T h is  n o rm a lly  in v o lv e s  th e  
d e te r m in a t io n  of a  f a c t o r  c a l l e d  th e  s p e c t r a l  a b s o r p t io n  
c o e f f i c i e n t  and r e q u i r e s  a  knowledge o f  th e  n a t u r e ,  i . e .  
l o c a t i o n  and i n t e n s i t y ,  o f  th e  s p e c t r a l  l i n e s  and th e  
e f f e c t s  o f l i n e  i n t e r a c t i o n s .  T h is  can on ly  be d e te rm in e d  
by complex t h e o r e t i c a l  c o n s i d e r a t i o n s  and by v e ry  a c c u r a t e  
s p e c t ro m e t r i c  m easurem ents .
A second method in v o lv e s  th e  developm ent of m odels which 
s im u la te ,  i n  some d e t a i l ,  th e  s p e c t r a l  s t r u c t u r e  o f  a  
band as  m easured by l o w - r e s o l u t i o n  r e c o rd in g  equ ipm ent. 
Band-model p a ra m e te rs  a r e  e v a lu a te d  as  f u n c t io n s  o f wave 
number by comparing m easured and c a l c u l a t e d  a b s o r p t i v i t i e s .
The t h i r d  method in v o lv e s  th e  d e te r m in a t io n  of th e  
a b s o r p t io n  of each  band by lo w - r e s o lu t i o n  m easurem ent.
The a b s o r p t io n  of th e  band i s  th e n  r e l a t e d  to  such 
o p e r a t i o n a l  v a r i a b l e s  as  gas  p r e s s u r e  and tem pera tu re .,  
c o n c e n t r a t i o n  o f  ab so rb in g  gas and r a d i a t i o n  p a th  l e n g th .
At th e  p r e s e n t  t im e , i n f r a - r e d  e m iss io n  from a gas a t  
e le v a te d  te m p e ra tu re s  cannot be c a l c u l a t e d  a c c u r a t e ly  
from t h e o r y ,  s in c e  th e  r e q u i r e d  c o n s t a n t s  a r e  im p e r f e c t ly  
known. F u r th e rm o re ,  th e  i d e a l i s e d  band models developed 
f o r  su ch  pu rp o ses  do n o t  a c c u r a t e l y  s im u la te  th e  o f te n  
complex sp ec tru m . The a c q u i s i t i o n  o f  more d a t a  over a 
wide ran g e  of te m p e ra tu re s  and p r e s s u r e s  i s  t h e r e f o r e  
n e c e s s a r y  a s  a so u rc e  f o r  imm ediate e n g in e e r in g  use and 
as  a b a s i s  f o r  f u r t h e r  and more r e l i a b l e  t h e o r e t i c a l  
s t u d i e s .  A ccu ra te  e m iss io n  d a ta  a re  d i f f i c u l t  to  o b ta in  
f o r  two main r e a s o n s :  c o r r e c t i o n s  have to  be made f o r
e m iss io n s  from th e  s u r f a c e s  su r ro u n d in g  th e  g a s ,  and 
com parisons have t o  be made betw een th e  g as  e m iss io n  
and an a c c u r a t e  b lackbody s t a n d a r d .  The most p r e c i s e  
method i s  by m easuring  th e  a b s o r p t io n  of i n f r a - r e d  
r a d i a t i o n  by th e  gas  (o r  m ix tu re )  und er  known and 
c o n s ta n t  c o n d i t i o n s ,  and u s in g  th e s e  a s  a  b a s i s  f o r  
d e te rm in in g  th e  e m iss io n .
The r e s e a r c h  covered  i n  t h i s  t h e s i s  in v o lv e s  i n v e s t i g a ­
t i o n s ,  a t  e le v a te d  te m p e ra tu re s  and p r e s s u r e s ,  of th e  
a b s o r p t io n  o f  i n f r a - r e d  r a d i a t i o n  by ca rb o n  d io x id e ,  
carbon  monoxide, w a te r  vapour and m ix tu re s  w i th  n i t r o g e n .  
C o r r e l a t i o n s  betw een th e  band a b s o r p t io n  and th e  o p e ra t in g  
v a r i a b l e s  have been d e te rm in e d . A lthough n o t  covered  h e r e ,  
th e s e  m easurem ents cou ld  be used  a s  a b a s i s  f o r  com parison 
w ith  d e t a i l e d  t h e o r e t i c a l  c a l c u l a t i o n s .
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SURVEY
2.1 TOTAL RADIATION MEASUREMENTS
As a r e s u l t  o f  m ajor u n c e r t a i n t i e s  i n  t h e  e x i s t i n g  
a b s o r p t io n  and em iss io n  c h a r t s  f o r  ca rb o n  d io x id e  and 
w a te r  v a p o u r ,  a number o f  e x p e r im e n ta l  s t u d i e s  were 
i n s t i g a t e d  i n  th e  e a r ly  1930s, e s p e c i a l l y  i n  Germany 
and th e  USA.
H o t te l  and M angelsdo rf  (6 1 ) ,  i n  1935, p u b l is h e d  t h e i r  
r e s u l t s  f o r  th e  t o t a l  e m iss io n  from  C02- a i r ,  H20 
v a p o u r - a i r  and C02-H 20 v a p o u r - a i r  m ix tu re s  a t  tem pera­
t u r e s  up to  1630K, and f o r  th e  a b s o r p t io n  o f  b lackbody 
r a d i a t i o n  by C02 and H20 v a p o u r .  The gas  t o t a l  p re s s u re  
was a tm o sp h e r ic .  I t  was confirm ed  t h a t  i n  th e  w aveleng th  
ran g e s  2 .65  to  2 .85  i^m and 13 to  17 /im, where b o th  002 
and H20 vapour a re  known t o  a b s o r b /e m i t  r a d i a t i o n ,  each  
a c t i v e  c o n s t i t u e n t  was somewhat opaque t o  r a d i a t i o n  
from th e  o t h e r .
The te c h n iq u e  f o r  o b ta in in g  th e s e  r e s u l t s  p la c e d  a  l i m i t  
on th e  maximum o p e ra t in g  te m p e ra tu re .  Thus, f o r  h ig h e r  
t e m p e ra tu re s ,  i t  was n e c e s s a ry  to  e x t r a p o l a t e  t h e  
e x p e r im e n ta l  d a t a .  In  th e  same y e a r ,  however, H o t te l  
and Smith (63) d e s c r ib e d  a method o f  d e te rm in in g  th e s e  
p r o p e r t i e s  d i r e c t l y  f o r  te m p e ra tu re s  up to  2250K. T h e ir  
r e s u l t s  e s t a b l i s h e d  th e  v a l i d i t y  o f  th e  C02 r a d i a t i o n  
c h a r t  i n  i t s  h ig h  te m p e ra tu re  r a n g e .  L ess  e x te n s iv e  
m easurem ents e s t a b l i s h e d  th e  v a l i d i t y  o f t h e  w a te r  vapour 
r a d i a t i o n  c h a r t  a t  t e m p e ra tu re s  to  1800K when th e  
t h ic k n e s s  of th e  g as  l a y e r  was s m a l l .
H o t t e l  and E g b er t  (60) compared th e  e x p e r im e n ta l  d a ta  f o r
C02 of Hot t e l  and M a n g e lsd o rf ,  H o t t e l  and Sm ith , and 
E ckert  (2 8 ) ,  and found t h a t  th e y  were i n  s a t i s f a c t o r y  
agreem ent. However, th e  e x p e r im e n ta l  d a ta  on H^O 
vapour were i n  c o n s id e r a b le  d isag reem en t and i t  was 
im p o ss ib le  to  recommend any one sou rce  of d a t a .  To 
r e s o lv e  t h i s  c o n f l i c t ,  H o t t e l  and E gbert  perform ed a 
s e r i e s  o f  e x p e r im e n ts  t o  m easure t o t a l  r a d i a t i o n  from 
H20 vapour columns v a ry in g  i n  l e n g th  from 1 .8  to  
406 .4  cm., i n  te m p e ra tu re  from  300 to  980K, and i n  
H20 vapour p a r t i a l  p r e s s u r e  from 0.005 to  1 .0  
a tm osphere . A c r i t i c a l  a n a l y s i s  of th e  d a t a  o f  o t h e r  
i n v e s t i g a t o r s  was made, and a l l  th e  d a ta  which d id  n o t 
appear  to  have a  l a r g e  i n h e r e n t  e x p e r im e n ta l  e r r o r  were 
used , a lo n g  w i th  t h e  e x p e r im e n ta l  r e s u l t s  o b ta in e d  i n  
H o t te l  and E g b e r ts  i n v e s t i g a t i o n ,  to  a r r i v e  a t  a  f i n a l  
c o r r e l a t i o n .  The e m i s s i v i t y  of C02 and H20 vapour was 
p re s e n te d ,  i n  c h a r t  form , as  a  f u n c t io n  of gas  te m p e ra tu re  
and th e  p ro d u c t  of p a r t i a l  p r e s s u r e  and p a th l e n g th .  
C o r re c t io n  f a c t o r s  were c h a r t e d  f o r  v a r io u s  t o t a l  and 
p a r t i a l  p r e s s u r e s ,  so u rc e  te m p e r a tu re s ,  and f o r  m ix tu re s  
o f C02 and H20 . These c h a r t s  have been  w id e ly  u sed  w i th  
the  g rey  r a d i a t i o n  a p p ro x im a t io n  f o r  th e  c a l c u l a t i o n  of 
gaseous r a d i a t i o n  h e a t  t r a n s f e r .  H o t t e l  s t r e s s e d  t h a t  
the  v a lu e s  g iv en  i n  h i s  c h a r t s  were u n c e r t a i n  o u t s id e  
the  range  o f  t h e  m easu rem en ts , and p a r t i c u l a r l y  a t  
p re s s u r e s  o t h e r  th a n  a tm o sp h e r ic .
Ludwig and E e r r i s o  (4 3 ,8 0 )  p r e d i c te d  th e  t o t a l  e m i s s i v i t y  
of n i t ro g e n -b ro a d e n e d  and s e l f -b ro a d e n e d  H20 vap o u r  i n  
th e  te m p e ra tu re  ra n g e  600 t o  3000K and o p t i c a l  d e p th s  
from 0.1 to  10 ,000  c m .a tm . , based  on a s e t  o f s p e c t r a l  
a b s o r p t io n  c o e f f i c i e n t s ,  r o t a t i o n a l  f i n e  s t r u c t u r e  
p a ra m e te rs  (which a re  te m p e ra tu re -d e p e n d e n t  b u t
f re q u e n c y - in d e p e n d e n t)  and th e  a ssu m p tio n  t h a t  th e  
"c u rv e -o f -g ro w th " ,  ( i e .  e m i s s i v i t y  v e rs u s  o p t i c a l  
d ep th )  was g iv en  by a s t a t i s t i c a l  band model. The 
a b s o r p t io n  c o e f f i c i e n t  and th e  f i n e  s t r u c t u r e  term  
a re  f u n c t io n s  of t e m p e ra tu re  and f re q u e n c y ,  and th e s e  
f u n c t io n s  a re  known o n ly  i n  l i m i t e d  s p e c t r a l  re g io n s  
and te m p e ra tu re  r a n g e s .  F u r th e rm o re ,  th e  s t a t i s t i c a l  
band model by Goody has been  shown to  be v a l i d  f o r  
v e ry  lo n g  p a th s  a t  am bien t te m p e ra tu re  on ly  (67 ,68 ) 
and so t h e  p r e d i c t i o n s  o f  t o t a l  e m i s s i v i t y  f o r  h igh  
te m p e ra tu re s  and lon g  p a th s  a r e  n o t  v e r i f i e d  a s  y e t .
A com parison  w i th  H o t t e l ’ s s t a n d a r d  c h a r t s  (60) found 
t h a t  w herever H o t t e l ’ s d a ta  was b ased  on a c t u a l  
e x p e r im e n ta l  d a t a ,  t h e  ag reem en t was good, b u t  i n  
r e g io n s  where e x t r a p o l a t i o n s  had ta k e n  p l a c e ,  
d isa g re e m e n t  e x i s t e d .
2 .2  BAND ABSORPTION OP WATER VAPOUR
Some o f th e  e a r l i e s t  work on th e  v a r io u s  H20 vapour 
bands up t o  25 was c a r r i e d  out a t  th e  U n i v e r s i t y  
of M ichigan (1 1 5 -1 1 7 , 138), u s in g  an  e v a c u a te d  p r i s m -  
s p e c t ro m e te r  w ith  th e rm o p i le  d e t e c t o r .  H i g h - r e s o lu t i o n  
s p e c t r a  w ere o b ta in e d  f o r  s a t u r a t e d  vapour a t  room 
te m p e ra tu re  and steam  a t  ab o u t 100°C, and p a th l e n g th s  
of 2 and 3 m e t r e s .
Howard and Chapman (69) made a  s tu d y  of t h e  t o t a l  
a b s o r p t io n  by f i v e  w a te r  v ap ou r  bands betw een 1 and 
1 pm ( i e .  bands c e n t r e d  a t  1 .3 ,  1 .8 7 ,  2 .7 0 ,  3 .1 7  and 
6 .2 7  Jim), u s in g  a m u l t i p l e - r e f l e c t i o n  a b s o r p t io n  c e l l  
i n  which .o p t ic a l  p a th l e n g th ,  w a te r  vapour d e n s i ty  and 
t o t a l  p r e s s u r e  could  be v a r i e d  in d e p e n d e n t ly .  The 
a b s o r p t io n  was d e te rm in ed  a s  a  f u n c t io n  of t h e s e  
p a ra m e te r s .  For t h e  range  o f  c o n c e n t r a t i o n s  s t u d i e d  
i t  was found t h a t  th e  f r a c t i o n a l  a b s o r p t io n  o f  an e n t i r e  
band was a  f u n c t i o n  of th e  sq u a re  r o o t  o f th e  H20 vapour 
c o n c e n t r a t i o n  and of th e  f o u r t h  r o o t  o f  a " c o r r e c t e d "  
p r e s s u r e  ( e q u a l  t o  t h e  sum o f th e  t o t a l  p r e s s u r e  and th e  
p a r t i a l  p r e s s u r e  o f H20 v a p o u r ) . This c o n f i rm e d , a t  low 
H20 vapour p a r t i a l  p r e s s u r e s ,  an e a r l i e r  i n v e s t i g a t i o n  by 
Sum m erfield and S tro n g  (121) who had a p p l ie d  E l s a s s e r ' s  
i n t e g r a t e d  a b s o r p t i o n  e x p r e s s io n  to  s e v e r a l  bands and 
found a f o u r t h  r o o t  t o t a l - p r e s s u r e  dependency.
T ay lo r  e t .  a l .  (122) o b ta in e d  s p e c t r a  f o r  a i r  a t  a tm o sp h e r ic  
p re s s u re  and a t  v a r io u s  te m p e ra tu re s  betw een 295& and 812K. 
The p a th le n g th  was 3 m e tre s  and th e  w av e len g th s  scanned  
were 2 .4  -  25 pm . A l a r g e  number of th e  l i n e s  i n  th e  
s p e c t r a  w ere  i d e n t i f i e d  and t h e i r  f r e q u e n c ie s  checked
a g a i n s t  t h e o r e t i c a l  p r e d i c t i o n s .  At th e  e le v a te d  
te m p e r a tu re s ,  th e  c o n c e n t r a t i o n  of H20 and C02 was 
i n c r e a s e d .  New l i n e s  i n  s e v e r a l  bands of th e  two 
g a ses  were observed .
Howard e t .  a t .  ( 67) m easured q u a n t i t a t i v e l y  th e  t o t a l  
a b s o r p t io n  f o r  th e  H70 vapour bands a t  0 .9 4 ,  1 .1 ,  1 .3 8 ,  
1 .8 7 ,  2 .7 ,  3 .2  and 6 .3  /un u n d e r  s im u la te d  a tm o sp h e r ic  
c o n d i t i o n s .  The te m p e ra tu re  was c o n s ta n t  a t  294K and 
lo ng  p a th le n g th s  u se d .  The H20 vapour a b s o rb e r  
c o n c e n t r a t i o n s  s tu d ie d  ran g e d  from 5 to  5070 atm.cm:
H20 vapour p r e s s u r e s  were up t o  39 mm. Hg and n i t r o g e n  
was added t o  g iv e  t o t a l  p r e s s u r e s  up to  a tm o sp h e r ic .
The e f f e c t s  of n i t r o g e n  and oxygen on t o t a l  a b s o r p t io n  
were found to  be s i m i l a r .  The e x p e r im e n ta l  d a ta  was 
s a t i s f a c t o r i l y  r e p r e s e n te d  by two ty p e s  of e m p ir ic a l  
r e l a t i o n :  (a) A3=K.U0 *5 (P + p ) k f o r  sm a ll  v a lu e s  of
band a b s o r p t io n  (A3 ) i e .  weak bands , and (b) A3  = 0 + 
D .lo g  u + E . lo g  (P + p) f o r  l a r g e  v a lu e s  o f A3  i e .  
s t r o n g  ban d s , where u  = a b s o r b e r  c o n c e n t r a t i o n  , p = H20 
p a r t i a l  p r e s s u r e ,  and P = t o t a l  p r e s s u r e .  V alues of t h e  
e m p i r ic a l ly -d e te rm in e d  c o n s t a n t s  K, k ,  C, D and E were 
g iven  f o r  each  of t h e  s p e c t r a l  r e g io n s  of c h a r a c t e r i s t i c  
a b s o r p t io n .  F o r  some bands ( 0 .9 4 ,  1.1 and 3 .2  ^un), th e  
weak-band r e l a t i o n  (a)  was s a t i s f a c t o r y  f o r  a l l  the  d a ta  
o b ta in e d  i n  th e  s tu d y .  F o r  t h e  o th e r  bands , however, 
th e  d a t a  cou ld  be c o r r e l a t e d  by b o th  e x p re s s io n s  below 
and above a  s e l e c t e d  t r a n s i t i o n  v a lu e  r e s p e c t i v e l y .  I n  
th e  im m ediate  v i c i n i t y  of th e  t r a n s i t i o n  an i n t e r p o l a t i o n  
f u n c t i o n  had to  be u sed .
N elson  (90) c a r r i e d  ou t a  l o w - r e s o l u t i o n  e x p e r im e n ta l  
s tu d y  of th e  a b s o r p t i v i t y  of pure  H2Q vapour between
1 and 22 yun a t  t o t a l  p r e s s u r e s  of 1 and 2 a tm o sp h e re s ,  
and t e m p e ra tu re s  o f  555, 833 and 1111 K f o r  a  p a th le n g th  
of 38*7 cm. The a b s o r p t io n  spec trum  was d iv id e d  i n t o  
re g io n s  c a l l e d  th e  1 .1 ,  1 .3 8 ,  1 .8 7 ,  2 .7 ,  3 .2 ,  5 .7 ,  6 .7 ,
11, 14 .5  and 18^un band s , and band a b s o rp ta n c e s  
d e te rm in ed  f o r  each .
N e lso n ’ s work was ex tend ed  by E lo rn e s  (45) who c a r r i e d  
out an e x p e r im e n ta l  i n v e s t i g a t i o n  of th e  band a b s o r p t io n  
of pure  H20 v a p o u r ,  and m ix tu re s  w ith  n i t r o g e n ,  a t  
t o t a l  p r e s s u r e s  of 0.275 t o  2 .75  a tm osph eres  and mole 
f r a c t i o n s  o f  0.01 and 1 .0 0 .  The te m p e ra tu re s  and 
p a th le n g th s  were th e  same a s  N e ls o n 's  and th e  w a v e len g th  
scan  was from 1 .2  to  22 ^um. The o v e r a l l  a c c u ra c y  o f  th e  
band d a ta  from t h e i r  a p p a r a tu s  was e s t im a te d  to  be of 
th e  o rd e r  of 2 -5 $ ,  i n c lu d in g  a 1-2$ d a ta  r e d u c t io n  
p ro b ab le  e r r o r ,  a l th o u g h  i t  was a c c e p te d  t h a t  f o r  some 
of th e  low a b s o r p t io n  v a lu e  d a t a  a  much g r e a t e r  e r r o r  
e x i s t e d .  T e s t  p r e s s u r e s  g r e a t e r  th an  2 .7 5  a tm o sp h e res  
could  n o t  be i n v e s t i g a t e d  due t o  u n a c c e p ta b ly  h ig h  
th e rm al g r a d i e n t s  i n  th e  t e s t  c e l l .  E m p ir ic a l  c o r r e l a t i o n s  
were o b ta in e d .
T ou rin  (13o) m easured th e  s p e c t r a l  e m i s s i v i t i e s  o f H20 
vapour i n  th e  2 .7  ^  r e g io n  a t  t e m p e ra tu re s  from 500 
to  1273 K by a b s o r p t io n  t e c h n iq u e s .  The p a th l e n g t h  was
12.7 cm, a b s o r b e r  p a r t i a l  p r e s s u r e s  ranged  from  0 .1 3  to  
0 .57  a tm o sp h e res  and t o t a l  p r e s s u r e s  from 0 .1 3  to  0 .92 
a tm o sp h e re s .  The H20 v a p o u r  spec trum  was p r e s s u r e -  
b roadened w i th  n i t r o g e n .  T o u r in  found t h a t  th e  e f f e c t  
of p r e s s u r e  a t  c o n s ta n t  o p t i c a l  d e p th  on th e  o b se rved  
s p e c t r a l  e m i s s i v i t y  i s  r e l a t i v e l y  g r e a t e r  f o r  h ig h e r  
t e m p e r a tu re s .  T h is  c o n t r a s t e d  w ith  the  c a se  f o r  C02 ,
where th e  p r e s s u r e  e f f e c t  i n  th e  2 .7  r e g io n  was 
o b se rv a b le  a t  am bient t e m p e r a tu re ,  b u t  v a n ish e d  a t  
h ig h e r  te m p e ra tu re ^ !27* At c o n s ta n t  o p t i c a l  d e p th  and 
p r e s s u r e ,  th e  e m i s s iv i t y  i n  th e  c e n t r a l  r e g io n  o f  
th e  band d e c re a se d  s l i g h t l y  w i th  i n c r e a s in g  te m p e ra tu re ,  
w h ile  i n  th e  band wings th e  r e v e r s e  was o b se rv ed .  I t  
was no ted  t h a t  t h i s  was n o t  p u r e ly  a  te m p e ra tu re  e f f e c t  
s in c e  a t  c o n s ta n t  H20 v ap o u r  p r e s s u r e ,  t h e  d e n s i ty  
d e c re a se d  w i th  t e m p e ra tu re  so t h a t  th e  number of 
a b so rb in g  m o lecu le s  was lo w e r  a t  th e  h ig h e r  te m p e ra tu re s .  
However, th e  e f f e c t  o f  d e n s i t y  v a r i a t i o n  was c o n s id e r a b ly  
l e s s  th a n  th e  e f f e c t  o f  t e m p e ra tu re ;  t h i s  was p a r t i c u l a r l y  
e v id e n t  i n  th e  band w in g s ,  where th e  e m is s iv i ty  i n c r e a s e d  
w i th  te m p e ra tu re  d e s p i t e  th e  r e d u c t io n  i n  d e n s i t y .
T ou rin  found t h a t  th e  a b s o r p t io n  s p e c t r a  o f H20 v ap ou r,  
u n l ik e  th o s e  of 002 , showed c o n s id e r a b le  s t r u c t u r e  a t  
a l l  th e  observed  t e m p e r a tu r e s ,  when observed  w i th  a 
m o d era te ly  narrow s p e c t r a l  s l i t . On exam ining th e  
v a r i a t i o n  of H20 vapour s p e c t r a l  e m i s s i v i t y  w i th  
te m p e ra tu re  a t  s e v e r a l  f r e q u e n c i e s  i n  th e  2 .7  jum r e g io n ,  
none o f  t h e  r e g u l a r i t y  o f  com parable  p l o t s  f o r  C02 was 
e x h ib i t e d ,  r e f l e c t i n g  th e  g r e a t e r  co m plex ity  o f th e  
spectrum  of th e  asym m etric  r o t o r  m o lecu le  compared w i th  
th e  r e l a t i v e l y  s im p le , r e g u l a r  sp ec trum  o f  th e  l i n e a r ,  
sy m m etr ica l  C02 m o le c u le .  These m easurem ents were 
g e n e r a l l y  made i n  th e  o p t i c a l l y  t h i c k  r e g io n  because  of 
th e  g r e a t  problem s a s s o c i a t e d  w i th  m easu ring  v e ry  sm a ll  
a b s o r p t io n s .
In  h i s  i n v e s t i g a t i o n  of t h e  a b s o lu te  i n t e n s i t i e s  of th e  
1 .3 8 ,  1 .8 7  and 2 .7  /un bands o f  H20 v ap o u r ,  G o ld s te in  (49) 
m easured th e  s p e c t r a l  a b s o r p t i v i t y  of th e s e  bands f o r  
pure  H20 vap ou r  a t  p r e s s u r e s  o f  2 .2 9  to  15 .34  a tm o sp h e re s ,  
c o r re sp o n d in g  to  t e m p e r a tu re s  o f  398 to  473. and 
o p t i c a l  d e p th s  o f  0 .348  to  2 9 .1 8  atm . cm. However, t h e
r e s u l t s  of t h i s  work were d i s p la y e d  o n ly  i n  a  t a b l e  of 
i n t e g r a t e d  i n t e n s i t i e s  f o r  t h e s e  bands a t  a  l i m i t e d  
number o f  t e m p e r a tu re s  and p r e s s u r e s .  L a t e r  t h i s  work 
was e x ten d ed  (50) t o  in c lu d e  t h e  6 .3  band a t  
t e m p e ra tu re s  up t o  1000 K. The o p t i c a l  d e p th  was 
a l t e r e d  by v a ry in g  th e  H20 vapour p r e s s u r e , s u p p l i e d  
from a l i q u i d - w a t e r  r e s e r v o i r ,  between 2 .5  and 18 
a tm o sp h e re s .  The i n t e g r a t e d  i n t e n s i t i e s  of th e  bands 
a t  each  te m p e ra tu re  were d e te rm in e d .  G o l d s t e i n ' s  
m easurem ents were used  by Penner and V a ra n a s i  (96) 
to  t e s t  t h e i r  s i m p l i f i e d ,  t h e o r e t i c a l l y - b a s e d  
p ro ced u re  f o r  d e te rm in in g  t h e  band e m i s s i v i t i e s  of 
w a te r  a t  t h e  h ig h  t e m p e r a tu re s  where r o t a t i o n a l  f i n e  
s t r u c t u r e  h as  been  removed.
Burch, P ra n ce  and W ill iam s (11 ) d e te rm in ed  th e  t o t a l  
a b so rp ta n c e  of H20 v a p o u r ,  i n  th e  v i c i n i t y  of i t s  
v i b r a t i o n - r o t a t i o n  bands a t  1 .8 7 ,  2 .7  and 6 .3  a s  
a f u n c t i o n  of a b s o rb e r  c o n c e n t r a t i o n  and e q u iv a le n t  
p r e s s u r e  f o r  pure  H20 vapour sam ples and sam ples  of 
H20 v ap ou r  mixed w ith  n i t r o g e n .  These r e s u l t s ,  
t o g e th e r  w i th  th o s e  p r e v io u s ly  p u b l is h e d  by Howard (66) 
e t .  a l .  were p r e s e n te d  i n  g r a p h i c a l  fo rm . D i f f e r e n c e s  
of 20 -  30$ were q u o te d  f o r  some of th e  d a t a  from  th e  
two s o u r c e s .
P e r r i s o  and Ludwig (41 ) ex tended  T o u r in 's  s p e c t r a l  
a b s o r p t io n  m easurem ents of th e  2 .7  p i  ( i e .  2 .3 8  -  
3 .57  )Am) H20 band a t  e l e v a t e d  te m p e ra tu re s  t o  o p t i c a l l y -  
t h i n  r e g io n s  where t h e  a b s o r p t io n  i s  s m a l l .  T h e i r  
m easurem ents were c a r r i e d  out a t  one a tm osphere  t o t a l  
p r e s s u r e  be tw een  530 and 2200 K. The ho t H20 v a p o u r  
sam ples w ere  t h e  e x i t  g a se s  o f  a sm a ll  r e s e a r c h  r o c k e t
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b u rn e r ,  th e  d ia m e te r  of which was 3-12 cm. a t  th e  
p o in t  o f  m easurem ent. A com parison of t h e i r  r e s u l t s  
a t  1200 K was made w ith  th o se  of t h e  c e l l  m easurem ents 
of Burch and Gryvnak (12 ) and Tour i n  (129 ) .  The o p t i c a l  
d ep th  was th e  same in  a l l  c a s e s  an d , a l th o u g h  d i f f e r e n t  
o p t i c a l  p a th l e n g th s ,  s p e c t r a l  s l i t s  and e x p e r im e n ta l  
t e c h n iq u e s  were u se d ,  F e r r i s o  and Ludwig r e p o r t e d  
e x c e l l e n t  o v e r a l l  ag reem ent. A lthough some l a r g e  
d i f f e r e n c e s  i n  th e  d e t a i l e d  s p e c t r a l  e m i s s i v i t i e s  were 
shown, th e  i n t e g r a t e d  a r e a s  of th e  c u rv e s  were th e  same 
to  w i th in  a  few p e r c e n t .  I t  was f i r s t  assumed t h a t  t h e  
d i s c r e p a n c ie s  were due to  th e  s p e c t r a l  a v e ra g in g  e f f e c t s  
of th e  d i f f e r e n t  s p e c t r a l  s l i t s  employed, b u t  l a t e r  t h e  
p o s s i b i l i t y  of wavenumber c a l i b r a t i o n  d i f f e r e n c e s  and 
o v e r-  o r u n d e r -  c o r r e c t i o n  f o r  th e  sm a ll  amounts o f  
a tm o sp h e r ic  g a se s  i n  th e  p a th  were c o n s id e r e d .  Large 
u n c e r t a i n t i e s  i n  te m p e ra tu re  and gas c o n c e n t r a t i o n s ,  up 
to  30$, were red uced  by v a r io u s  m easurement t e c h n iq u e s .
The v a r io u s  e m i s s iv i t y  s p e c t r a  i n  th e  t h r e e  s t u d i e s  was 
o b ta in e d  a t  d i f f e r e n t  a b s o rb e r  c o n c e n t r a t i o n s ,  th e  d a t a  
of Burch and T o u r in  b e in g  red u ced  to  th e  c o n d i t io n s  of 
F e r r i s o  and L udw ig 's  d a ta  by assum ing l o g e [1 - e < y ) ]  was 
p r o p o r t io n a l  to  th e  o p t i c a l  p a th ;  £  = e m i s s iv i t y  of wave­
number . Thus d i f f e r e n t  d e g re e s  o f p r e s s u r e  b ro ad e n in g  
were p r e s e n t  and-, i n  th e  r e g io n s  where c o n t r i b u t i o n s  to  
th e  t o t a l  i n t e n s i t y  were s m a l l ,  b ro ad e n in g  may have been 
in c o m p le te .  From th e s e  r e s u l t s  i t  a p p ea red  t h a t  th e  u n c e r ­
t a i n t i e s  i n  th e  e x p e r im e n ta l  s p e c t r a l  e m i s s i v i t i e s  can be as 
l a r g e  a s  ± 50$, even when th e  quo ted  p r e c i s i o n  i n  any one 
experim ent was c o n s id e ra b ly  b e t t e r .  They concluded  t h a t  a 
p ro p e r ly  d e s ig n e d  ro c k e t  can be used  t o  m easure e q u i l ib r iu m  
gas e m is s io n  p r o p e r t i e s  w ith  a s  sm a ll  an u n c e r t a i n t y  as 
e x i s t s  i n  th e  c e l l  m easurem ents.
This work was ex tended  (39) to  i n c lu d e  th e  s p e c t r a l  e m i s s iv i t y
of ove rto ne  and co m b in a t io n  bands o f  H^O vapour a t  1.14,
1 .38  and 1 .87  Jim betw een 1000 -  2200 K, and a l s o  th e  V*, 
fundam enta l band a t  6 .3  ym. be tw een  540 and 2200 K (&1 ) .
I n  th e  l a t t e r  i n v e s t i g a t i o n ,  i t  was found t h a t  th e  
s h o r t  w aveleng th  wing ( <  22 jm.) o f  th e  r o t a t i o n a l  band 
grows v e ry  r a p i d l y  w i th  t e m p e ra tu re  , and a t  h ig h  tem pera ­
t u r e s  o v e r la p s  th e  lo n g  w a v e le n g th  wing of th e  6 .3  i^m band.
The r o t a t i o n a l  band i s  q u i t e  s t r o n g  as a consequence of th e  
l a r g e  d ip o le  moment and r o t a t i o n a l  c o n s ta n t s  o f  th e  H20 
m olecu le . The band w i l l  c o n t r i b u t e  s i g n i f i c a n t l y  to  th e  
t o t a l  r a d i a n t  e m is s io n  from  h o t  H20 vapour under c o n d i t i o n s  
o f  m o dera te ly  h ig h  te m p e ra tu re  (below 1200 K ) , h ig h  p r e s ­
s u r e s ,  a n d /o r  lo w - to -m o d e ra te  o p t i c a l  d e p th s  (<1000 cm. a tm .)  
(43) .  The observed  e m is s io n  betw een 10 and 22 j m t a t  
te m p e ra tu re s  betw een 550 and 2200 K, r e p o r t e d  i n  a  su b seq u e n t  
p aper ( 8 3  ) was a t t r i b u t e d  to  t h e  r o t a t i o n a l  band o n ly .  The 
p o s s ib le  v i b r a t i o n - r o t a t i o n  bands i n  t h i s  r e g io n  a re  d i f f e r e n t  
bands o f  n e g l i g i b l e  i n t e n s i t y ,  s in c e  th e  c o rre sp o n d in g  
summation bands a re  v e ry  weak.
Edwards e t .  a l .  ( 32) c o r r e l a t e d  th e  1 .3 8 , 1 .8 7 ,  2 .7  and
6.3  yun H^O b an d s ,  and a p o r t i o n  of th e  r o t a t i o n a l  H^O band 
below 20 ^im, u s in g  an  a r b i t r a r y  e x p o n e n t ia l  w ide-band model 
adap ted  from th e  Goody-Mayer s t a t i s t i c a l  m odel. Data  from  
s e v e r a l  so u rc e s  ( 19 , 20, 45, 65 - 68, 90 ) covered  a  te m p e ra tu re  
range  o f  300 -  1100  K, an  e q u iv a le n t  p re s s u re  range  of 
0.01 -  10 a tm osph eres  and a b s o r b e r  c o n c e n t r a t io n s  o f 0 . 14 -  
19,290 atm. •cm. The b e s t  ag reem en t between d a ta  and 
c o r r e l a t i o n s  was r e p o r t e d  f o r  th e  two s t r o n g e r  ( 2 .7  and
6.3  )rm) ban d s , 13$ and 11$ ( r e s p e c t i v e l y )  b e in g  q u o ted  a s  
th e  R.M.S. d e v ia t i o n s  f o r  a  wide ran ge  of d a ta .  D e v ia t io n s  
of 34$ and 23$ were n o te d  f o r  th e  1 .38 and 1 .87 bands 
r e s p e c t i v e l y .  The e x p o n e n t i a l  w ide-band  model o v e r­
s im p l i f i e d  th e  a c t u a l  l i n e  s t r u c t u r e  of a band and i s  
s o l e ly  a  means o f  c o r r e l a t i n g  t o t a l  band a b s o r p t io n  f o r
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co n v en ien t  use  i n  t e c h n i c a l  c a l c u l a t i o n s  o v e r  r e s t r i c t e d  
o p e ra t in g  r a n g e s .
F u r th e r  a n a l y t i c a l  e x p re s s io n s  f o r  th e  s p e c t r a l  e m i s s i v i t y  o f  
h ig h  te m p e ra tu re  H20 v ap o u r  were developed  f o r  th e  c a se s  where 
incom ple te  l i n e  o v e r la p p in g  was p r e s e n t .
F e r r i s o  e t .  a l .  ( 4 4 ) ,  i n  th e  ab sen ce  o f  t h e o r e t i c a l  p r e d i c t i o n s  
o f  th e  s p e c t r a l  p r o p e r t i e s  o f  th e  com plete  H20 v ap o u r  s p e c t r a  i n  
th e  i n f r a - r e d  r e g io n  a t  h igh  te m p e r a tu re s ,  e m p i r i c a l l y  d e r iv e d  a 
s e t  o f  a b s o r p t io n  c o e f f i c i e n t s  f o r  H20 v ap o u r  from  a v a i l a b l e  
q u a n t i t a t i v e  a b s o r p t io n  and e m iss io n  s p e c t r a .  C o r r e c t io n s  f o r  
l i n e  s t r u c t u r e  e f f e c t s  were made by c o r r e l a t i n g  s p e c t r a l  a b s o r p t io n  
w ith  th e  Goody l i n e  s t r u c t u r e  m odel, assum ing a  b a n d -a v e ra g e d ,  
mean l i n e - w i d t h - t o - s p a c i n g  r a t i o  *•. They found  t h a t  a l th o u g h  a  l a r g e  
number o f  s p e c t r a  o f  h ig h  te m p e ra tu re  H20 v a p o u r  betw een 1 and 
22 pm. had been  p u b l i s h e d  ( 11 , 39 ,41 , 49 , 50 , 65 ,81 , 83 , 90 ) and cov ered  
th e  te m p e ra tu re  ra n g e  from 300-2700 K, o p t i c a l  d e p th s  from  0 .2  -  
100 cm. a tm . and t o t a l  p r e s s u r e s  from 0.065 -  10 a tm o sp h e re ,  t h e s e  
s p e c t r a  had been  m easured  by d i f f e r e n t  te c h n iq u e s  and th e  range  
o f  p a ra m e te rs  c o v e red  a t  any one te m p e ra tu re  was r a t h e r  l i m i t e d ,  
e s p e c i a l l y  a t  h i g h e r  t e m p e r a tu r e s .  A check o f  t h e i r  d e r iv e d  d a ta  
was made a g a i n s t  a  number o f  so u rc e s  o f  in d e p e n d e n t  work.
L a t e r ,  Ludwig (79)  m easured  th e  c u rv e s  o f  g row th  o f  H20 v ap o u r  i n
th e  te m p e ra tu re  ran g e  1000-3000 K and a t  a  t o t a l  p r e s s u r e  o f  one
a tm osphere , w i th  a  s t r i p  b u rn e r  6 m e tres  lo n g  and u s in g  hydrogen
and oxygen a s  f u e l .  The s t a t i s t i c a l  band model w i th  e x p o n e n t ia l
l i n e  i n t e n s i t y  d i s t r i b u t i o n  was used to  reduce  t h e  e x p e r im e n ta l
d a ta  to  y i e l d  s p e c t r a l  a b s o r p t io n  c o e f f i c i e n t s  ( l i n e  s t r e n g t h / l i n e
sp a c in g )  and f i n e  s t r u c t u r e  p a ra m e te r s  ( l i n e  w i d t h / l i n e  s p a c i n g ) ,
* _  1
averaged  o v e r  25 cm s p e c t r a l  i n t e r v a l s ,  i n  th e  r e g i o n  from  1 -  
10 jam.
S e v e ra l  p a p e rs  ( 6 , 7 , 46 , 72 , 76) have been p u b l i s h e d  on th e  
d e te r m in a t io n  o f  t h e  p o s i t i o n ,  i n t e n s i t i e s  and w id th s  o f  th e  
l a r g e  number o f  l i n e s  t h a t  make up th e  2 .7 ,  6 .3  and  15 yum bands 
o f  H20 v a p o u r .
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2 .3  BAND ABSORPTION OF CARBON DIOXIDE
Howard and Chapman, e x te n d in g  t h e i r  s tu d y  on H20 vapour,
( 69) ,  looked  a t  th e  2 .7  and 4 .3  jam bands of C02 f o r  
a b s o rb e r  c o n c e n t r a t io n s  o f  5 -  100 cm. atm . (70) •
E m p ir ic a l  c o r r e l a t i o n s  r e l a t i n g  band a b s o rp ta n c e  w ith  
th e  a b s o rb e r  gas c o n c e n t r a t i o n ,  p a r t i a l  p r e s s u r e  and 
t o t a l  p r e s s u r e  were p r e s e n te d  f o r  t h e  two b ands.
T o u r in  (126) made m easurem ents of t h e  i n f r a - r e d  em iss ion  
and a b s o r p t io n  of 002 u n d e r  c o n t r o l l e d  c o n d i t io n s  of 
te m p e ra tu re ,  p r e s s u r e  and c o m p o s it io n ,  a t  t e m p e ra tu re s  
up t o  1400 K. This work was aimed a t  o b ta in in g  p r e c i s e  
in fo rm a t io n  on th e  s p e c t r a l  e m i s s i v i t i e s  of com bustion 
g ases  a t  h igh  te m p e ra tu re ,  s i n c e  v e ry  few  m easurem ents 
of t h i s  ty p e  had been  c a r r i e d  ou t p r e v io u s ly  and no 
r e l i a b l e  v a lu e s  of e m i s s i v i t i e s  e x i s t e d .  Low gas  
p r e s s u r e s  were in v o lv e d  (62 mm. H g), and th e  e f f e c t s  
o f  a tm o sp h e r ic  a b s o r p t io n  had t o  be c o r r e c t e d  f o r .
T ay lo r  e t  a l  (122) o b ta in e d  th e  s p e c t r a  of a i r ,  c o n ta in in g  
v a ry in g  amounts of H^O and C02 , be tw een 2 .4  -  15 pun w ith  
a p r ism  s p e c t ro m e te r  and be tw een  13 and 25 pun w i th  a g r a t ­
in g  s p e c t r o m e t e r . ’ A p a th l e n g t h  o f  3 m e tre s  was u se d ,  th e  
p r e s s u r e  was a tm o sp h e r ic  and th e  t e m p e ra tu re  ranged  from 
22° to  over 500°C.
Howard (66 ) e t  a l  d e te rm in e d  th e  a b s o r p t io n  f o r  C02 bands 
a t  1 . 4 ,  1 . 6 ,  2 .0 ,  2 .7 ,  4 . 3 ,  4 . 8 ,  5 .2  and 15 pm under 
s im u la te d  a tm o sp h e r ic  c o n d i t i o n s .  The a b s o r b e r  c o n c e n tra ­
t i o n s  ran g e  from 1 -  1000 cm. atm . of 002 f o r  th e  s t ro n g  
bands and from 100 -  8600 cm. atm . f o r  weak ban d s . N i t ro g e n  
was added to  p a r t i a l  p r e s s u r e s  of g a s  of up to  50 mm. Hg. 
to  g iv e  t o t a l  p r e s s u r e s  r a n g in g  up to  a tm o sp h e r ic .  A 
m u l t ip le  t r a v e r s e  c e l l  o f  22 m e tre s  was u s e d .  T h e ir
r e s u l t s  were c o r r e l a t e d  i n  a s i m i l a r  way t o  th o s e  
o b ta in e d  f o r  H20 v a p o u r .
Edwards ( 29 , 30 ) r e p o r t e d  th e  r e s u l t s  of an e x p e r im e n ta l  
d e te r m in a t io n  of l o w - r e s o lu t i o n  i n f r a - r e d  a b s o r p t i v i t i e s  
o f 002 gas  i n  n i t r o g e n  a t  t o t a l  p r e s s u r e s  from 0 .5  -  10 
a tm o sp h e res ,  t e m p e ra tu re s  from 294 -  1389 K, and mole 
f r a c t i o n s  from 0.05  -  1 .0 0 .  T o ta l  a b s o r p t io n  o f  band 
groups a t  1 . 2 ,  1 . 4 ,  1 . 6 ,  2 . 0 ,  2 . 7 ,  4 . 3 ,  4 . 8 ,  5 . 2 ,  7 . 5 ,  
9 . 4 ,  10 . 4  and 15 pm, o b ta in e d  from th e  s p e c t r a l  
m easurem ents , were p r e s e n te d .  An o p t i c a l  p a th  of 128.9  
cm. was u sed  a t  am bien t te m p e ra tu re  and one of 3 8 .7  cm. 
a t  a l l  t e m p e r a tu r e s .  A bsorber  c o n c e n t r a t i o n s  ranged  
from 1 .2 -  3035 atm . cm.grpp. C o r r e l a t i o n s  o f  the  
t o t a l  band a b s o r p t io n  w i th  p a th l e n g th ,  p r e s s u r e ,  
te m p e ra tu re s  and mole f r a c t i o n  were g iv en  i n  a  form 
r e a d i l y  u s a b le  f o r  e n g in e e r in g  r a d i a n t  h e a t  t r a n s f e r  
c a l c u l a t i o n s .  T h is  was an e x te n s iv e  s tu d y  over  a  
r e l a t i v e l y  wide ran g e  of c o n d i t i o n s .  I t s  m ajo r  drawback 
a p p ea rs  t o  have b een  i n h e r e n t  v a r i a t i o n s  i n  g a s  tem p era ­
tu r e  a lo n g  an i l l - d e f i n e d  p a th  l e n g t h .
T ourin  (128) m easured th e  s p e c t r a l  e m i s s i v i t i e s  i n  th e
4 .3  Jim CO2 I n  a l l  m easurem ents , t h e  g e o m e tr ic a l
p a th le n g th  was 12. 7 cm. The ra n g e  of te m p e ra tu re s  was 
300 -  1273 K, th e  r a n g e  of C02 p a r t i a l  p r e s s u r e s  0 .066  -  
0.921 a tm o sp h e re ,  th e  t o t a l  p r e s s u r e  ran g e  ( a d ju s te d  by 
add ing  n i t r o g e n )  was 0 .066  -  0.921 a tm osphere  and th e  
o p t i c a l  d e p th  ran g ed  from 0 .8 4  -  11. 7  atm . cm. The 
m easurem ents were d i s c u s s e d  i n  r e l a t i o n  to  m o le c u la r  
energy d i s t r i b u t i o n s ,  t h e o r e t i c a l l y  c a l c u l a t e d  e m i s s iv i ­
t i e s ,  and fram e r a d i a t i o n .
The r e s u l t s  o f  f u r t h e r  m easurem ents , by T o u r in ,  on th e  
2 .7  pm band o f  C02 have a l s o  been  r e p o r t e d  (127). The
same ra n g e s  of o p e ra t in g  c o n d i t i o n s  as  above were used . 
Again, d ry  n i t r o g e n  was u sed  to  a d j u s t  th e  p r e s s u r e .
As a  supp lem ent t o  th e  work c a r r i e d  ou t by Howard 
e t .  a l .  (6 6 ) ,  Burch e t .  a l .  (18 ) d e te rm in e d  th e  t o t a l  
a b so rp ta n c e  of th e  m ajo r  i n f r a - r e d  a b s o r p t io n  bands 
of CO^ a t  2 . 69, 2 .7 7 ,  4 .2 6 ,  9 .4  and 1-0.4 pm a s  a 
f u n c t io n  of a b s o rb e r  c o n c e n t r a t i o n  and e q u iv a le n t  
p r e s s u r e .  Improved e x p e r im e n ta l  te c h n iq u e s  were 
employed, and th e  work o f  Howard e t .  a l .  ( 66) was 
ex tended  t o  new ra n g e s  o f  p r e s s u r e  and a b s o r b e r  c o n c e n tra ­
t i o n ,  to  h ig h e r  w a v e le n g th s , and to  th e  e f f e c t  o f  tem pera­
t u r e  on c e r t a i n  "ho t b a n d s” p roduced  by t r a n s i t i o n s  from 
i n i t i a l  e x c i t e d  v i b r a t i o n a l  e n e rg y  s t a t e s .  The measured 
v a lu e s  of t o t a l  band a b s o rp ta n c e  were e s t im a te d  to  be 
a c c u ra te  to  ± 5$  f o r  th e  l a r g e r  v a lu e s ,  b u t  up to  ± 20$ 
f o r  th e  v e ry  weak ban ds . I n  th e  2 .7  pm r e g i o n ,  th e  
a b so rp ta n c e  of th e  two main c o n t r i b u to r y  b a n d s ,  c e n t r e d  
a t  2.69 and 2.77  pm, were d e te rm in e d  s e p a r a t e l y  a s  w e l l  
a s  t o g e t h e r .  I n  th e  c a se  of th e  2 .7  pm r e g i o n  and 4 .26  
pm b an d s ,  t h e  ran g e  of a b s o r b e r  c o n c e n t r a t i o n  was 0.005 -
22.8 atm . cm.g^vp and th e  e f f e c t i v e  p r e s s u r e  (w e igh ted  i n  
fav o u r  of s e l f - a b s o r p t i o n )  ran g e d  from  0.005 -  2.6  a tm os­
p h e re s .
N ic o le t  (91 ) ,  e x te n d in g  th e  work of Edwards (2 9 ) ,  r e p o r t e d  
th e  r e s u l t s  of an e x p e r im e n ta l  d e te r m in a t io n  of low r e s o l u ­
t i o n  i n f r a - r e d  a b s o rp ta n c e s  of 002 gas  i n  n i t r o g e n  a t  t o t a l  
p r e s s u r e s  from  0.03 -  1.0 5  a tm o sp h e re ,  t e m p e r a tu re s  from 
297 -  1111 K, and mole f r a c t i o n s  from 0.001 -  1 . 0 . The 
t o t a l  a b s o r p t io n  of band g ro u p s  a t  2 . 7 , 4 .3  and 15 pm, 
o b ta in e d  from th e  s p e c t r a l  m easurem ents , w ere  p r e s e n te d .
An o p t i c a l  p a th  of 128 .9  cm. was used  f o r  d e te r m in a t io n s  
a t  room te m p e ra tu re  and one o f  37.8  cm. a t  a l l  t e m p e ra tu re s .
Edwards and Menard (3 4 ) ,  and Edwards and Sun (36) 
developed  improved c o r r e l a t i o n s  f o r  t h e  2 . 7 , 4 .3  and 
15 pm b a n d s ,  and th e  9.4 and 10.4  -^m bands o f  002 , 
r e s p e c t i v e l y .  These made use  of th e  Goody band m odel.
E e r r i s o  (38) m easured th e  s p e c t r a l  a b s o r p t io n  and a b s o rp ­
t i o n  c o e f f i c i e n t s  (and i n t e g r a t e d  band i n t e n s i t y )  of th e
4.3 pm CO2. band o v e r  th e  ran ge  1200 -  2400 K and a t  
v a r io u s  p a t h l e n g t h s ,  u s in g  th e  e x h a u s t  j e t  o f a  sm a l l  
su p e r so n ic  b u rn e r  a s  the  h o t  C02 sam ple . The j e t  
co m p o s it io n  was o b ta in e d  u s in g  a  r a d i a t i o n  te m p e ra tu re  
measurement and a s im p le  therm ochem ical c a l c u l a t i o n .
The e x p e r im e n ta l  r e s u l t s  were compared to  e x i s t i n g  
e x p e r im e n ta l  v a lu e s  and t h e o r e t i c a l  c a l c u l a t i o n s .
R e s u l t s  i n d i c a t e d  t h a t  above 2000 K, a  w e a k - l in e  
ap p ro x im a tio n  cou ld  be u sed  to  d e s c r ib e  t h e  a b s o r p t io n  
or e m iss io n  o f  th e  band.
Davies (25) m easured th e  e m is s iv i t y  of C02 a t  t e m p e r a tu re s  
from 1 5 0 0  -  3 0 0 0  K  o v e r  th e  range  4 . 4 0  -  5 . 3 0  p u n .  O p t ic a l  
d e n s i t i e s  v a r i e d  from 0.04 -  4 . 0 0  atm. cm. and a l l  m easu re ­
ments were made a t  a  t o t a l  gas p r e s s u r e  of one a tm o sp h e re . 
The t e s t  gas  was h e a te d  to  te m p e ra tu re  by shock c o m p ress io n .
E e r r i s o  and Ludwig (40) o b ta in e d  the  s p e c t r a l  e m i s s i v i t i e s  
f o r  th e  two co m b in a t io n  bands c e n t r e d  n e a r  2 .7  pm a t  1200 , 
1500 and 1800 K. H eated  C02 was produced i n  a  r o c k e t  
b u rn in g  g aseo u s  CO and oxygen. E m iss ion  m easurem ents 
were made on th e  expanded e x h a u s t  gas. of t h e  b u r n e r  where 
th e  c o m p o s i t io n ,  t o t a l  p r e s s u r e ,  and t e m p e r a tu r e  cou ld  be 
d e f in e d .  The s p e c t r a l  e m i s s i v i t i e s  were d e te rm in e d  from 
a  c a l i b r a t e d  e m is s io n  spec trum  and a s p e c i f i c  d e te r m in a t io n  
o f  th e  te m p e ra tu re  o f  th e  t e s t  g a s .  The h o t  C02 sam ples  
were ob se rv ed  a t  a  t o t a l  p r e s s u r e  o f  one a tm o sp h e re .  The 
p a th l e n g th  was 3 .12  cm. The o b je c t  o f  t h i s  s tu d y  was to
o b ta in  th e  s p e c t r a l  e m i s s i v i t i e s  and i n t e g r a t e d  i n t e n s i t i e s  
o f  th e  2 .7  JAm band a s  a  f u n c t i o n  o f  te m p e ra tu re  and compare 
them w ith  th e  p r e d i c t i o n s  o f  Malkmus ( 86) .  Good agreem ent 
w ith  Malkmus’ c a l c u l a t i o n s  was r e p o r t e d .
Breeze and F e r r i s o  ( 10) m easured th e  t o t a l  i n t e g r a t e d  i n t e n s i t y  
o f  th e  1 .9  pm C02 bands i n  t h e  te m p e ra tu re  range  1400-2500 E.
The gas was h e a ted  to  h ig h  te m p e ra tu re  by a  shock wave r e f l e c t e d  
from th e  r i g i d  end p l a t e  o f  a  shock  tu b e .
F e r r i s o  e t .  a l .  (42) ex ten d ed  t h e i r  e m iss io n  m easurements o f  
th e  4 .3  pm C02 band to  t e m p e r a tu re s  between 2650 and 3000 E.
The e x p e r im e n ta l  r e s u l t s  were a g a in  compared w ith  th e  t h e o r e t i c a l  
com puta tions  o f  Malkmus, who had p r e v io u s ly  ( 8 5 )  developed  a 
s i m p l i f i e d  w e a k - l in e  band model t o  p r e d i c t  th e  s p e c t r a l  e m i s s i -  
v i t i e s  o f th e  4 .3  pm  0 0 2 band up t o  3000 E. Good agreem ent was 
r e p o r t e d .  Ludwig e t .  a l .  ( 8 2 ) c a r r i e d  ou t s p e c t r a l  e m i s s iv i ty  
m easurements o f  th e  15 jam band o f  C02 i n  th e  te m p e ra tu re  ran g e  
from 1000-2300 E. The h o t  gas  was produced  i n  a su p e r so n ic  
b u rn e r ,  which used gaseou s  CO and oxygen a s  p r o p e l l a n t s .  The 
p a th le n g th  was l i m i t e d  to  1.66  -  3*12 cm. and th e  t o t a l  p r e s s u r e  
t o  one a tm osp here . Under th e  c o n d i t i o n s  p r e s e n t  d u r in g  t h e s e  
m easurements th e  i n t e g r a t e d  i n t e n s i t i e s  o f  th e  bands were 
d e te rm in e d ;  i n  bo th  c a s e s  ag re em e n ts  w i th  am bien t te m p e ra tu re  
measurements were c la im e d .
Morgan (89) p r e s e n te d  th e  r e s u l t s  o f  an  a n a l y t i c a l  s tu d y  o f  th e  
v a r i a t i o n  o f  a b s o r p t io n  bandw id ths  o f  CO^  -  N2 gas  m ix tu re s  
w i th  gas p r o p e r t i e s ,  and c o r r e l a t e d '  th e  band a b s o r p t io n  and 
mean band a b s o r p t i v i t y  (band a b s o r p t io n  d iv id e d  by a b s o r p t io n  
band-w id th )  f o r  th e  2 . 0 , 2 . 7 , 4.3  and 15 pm  a b s o r p t io n  bands a t  
v a r io u s  gas te m p e ra tu re s  and gas  p r e s s u r e s  and f o r  v a r io u s  
c o n c e n t r a t i o n s .  Morgan used th e  d a ta  p r e s e n te d  i n  a  r e p o r t  
by Edwards f o r  h i s  c o r r e l a t i o n  d e te r m in a t io n s .  The v a l i d i t y  
o f  th e  c o r r e l a t i o n s  was t e s t e d  by use i n  h e a t  t r a n s f e r  
p ro b lem s .
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2 .4  BAND ABSORPTION OF CARBON MONOXIDE
E a r ly  q u a n t i t a t i v e  i n f r a - r e d  a b s o r p t io n  m easurem ents 
were made by Penner and Weber (98-101 ,13?) on th e  
fundam en ta l and o ve rto n e  bands o f  CO a t  am b ien t 
te m p e ra tu re .  M easurem ents on pure  00 and 00 p r e s s u r i s e d  
w ith  one o f  s e v e r a l  i n e r t  g a se s  were made, t o t a l  p r e s ­
s u re s  o f up t o  48 a tm ospheres  b e in g  used  t o  p roduce  
com plete  r o t a t i o n a l  l i n e  o v e r la p p in g .  P a t h le n g t h s  of 
up to  10.1 cm. were u se d .  The i n t e g r a t e d  a b s o r p t io n s  
o f the  two bands were d e te rm ined  by an i n d i r e c t  method 
s i m i l a r  t o  t h a t  o f  W ilson and W ells (139).
Kostkowski and Bass (75) m easured d i r e c t l y  th e  a b s o lu te  
i n t e n s i t i e s  and w id th s  o f s e l f -b r o a d e n e d  l i n e s  i n  th e  
f i r s t  o v e r to n e  band of CO a t  2 .35  pm. The L o re n tz  l i n e  
shape and t h e  l i n e a r  r e l a t i o n s h i p  betw een l i n e  w id th  
and p r e s s u r e  were co n firm ed .
Burch and W ill iam s ( 22) m easured th e  a b s o rp ta n c e  of t h e  
fundam en ta l band of CO a t  4 .6 7  pun and d e v e lo p ed  e m p i r ic a l  
e q u a t io n s  r e l a t i n g  them to  t h e  a b s o rb e r  c o n c e n t r a t i o n  and 
e q u iv a le n t  p r e s s u r e .  P a th le n g th s  were 1 .5 5 ,  6 .3 5  and 400 
cm. and a b s o r b e r  c o n c e n t r a t i o n s  ra n g in g  from 9.6 x 10~^ 
to  45.6 a tm . cm. N i t ro g e n  was used  to  p ro v id e  t o t a l  
p r e s s u r e s  be tw een  0 .004  and 3 .95  a tm o sp h e re s .  The f i r s t  
ove rtone  o f  00 a t  2.35  pm was i n v e s t i g a t e d  u s in g  a  
m u l t i p l e - t r a v e r s e  c e l l  g iv in g  p a th  l e n g t h s  be tw een  625 
and 4875 cm. I t  was p o s s ib l e  to  d e te rm in e  th e  v a lu e  f o r  
th e  band i n t e n s i t y ,  o f  t h e  fundam ental., which compared 
w ith  th e  v a lu e  r e p o r t e d  by Penner and Weber (9 8 ) .
C arry in g  ou t a  s i m i l a r  a n a l y s i s  of th e  4 .6 7  p.m CO band , 
Shaw and Houghton (114) d i s c u s s e d  d e v i a t i o n s  from  th e  
square  r o o t  law  r e l a t i n g  band a b so rp ta n c e  w i th  a b s o r b e r
c o n c e n t r a t i o n  and e q u iv a le n t  p r e s s u r e .  V anderw erf 
and Shaw (132) ex tended  t h i s  i n v e s t i g a t i o n  to  encompass 
v a r i a t i o n s  of th e  2.35  and 4.67 pm band a b s o rp ta n c e s  
w ith  t e m p e r a tu re .  Pure  CO was s t u d i e d  f o r  p r e s s u r e s  
ra n g in g  from 0 .13  -  1 .3 2  a tm o sp h e re s  and te m p e ra tu re s  
up to  670 K f o r  a  s i n g l e  p a th l e n g th  of 30 .6  cm. Although 
the  e f f e c t s  o f  te m p e ra tu re  on band a b s o rp ta n c e  were s tu d ie d  
over a l i m i t e d  range  of p r e s s u r e s  and t e m p e r a tu r e s ,  n o ta b le  
d i f f e r e n c e s  i n  te m p e ra tu re  dependence  were n o te d .  This 
ap p ea rs  to  be a  r a r e  a t te m p t  t o  c o r r e l a t e  band d a ta  a g a i n s t  
t e m p e r a tu r e .
T ien  and G-iedt (124) o b ta in e d  d a t a  on th e  GO fundam enta l 
f o r  te m p e ra tu re s  betw een 300 and 1800 K, f o r  p a th le n g th s  
of 10 and 20 cm. and p r e s s u r e s  v a ry in g  from 0.25  t o  3.0 
a tm o sp h e re s .  Above am bien t c o n d i t i o n s ,  te m p e ra tu re  
g r a d i e n t s  i n  th e  g as  p roduced  i n a c c u r a c i e s  i n  th e  r e s u l t s ,  
a l th o u g h  good agreem ent was q u o te d  when compared w ith  
e x i s t i n g  d a ta  and w i th  p r e d i c t i o n s  based  on a  s im ple  
e x p o n e n t ia l  w ide-band model ( 3 1 ) .  Abu-Romia and T ien 
( 1 , 2 ) e x te n d ed  t h i s  work t o  i n c lu d e  th e  f i r s t  o v e rto n e  
band and lo o k ed  a t  s h o r t e r  p a t h l e n g t h s .  C o r r e l a t i o n s  w ith  
an E l s a s s e r  s t r o n g - l i n e  a p p ro x im a t io n  were good a t  a l l  
t e m p e r a tu re s .  A s i n g l e  c o n t in u o u s  e x p l i c i t  e x p re s s io n  fo r  
t o t a l  band a b s o r p t io n ,  p ro posed  by T ien  and lo w d er  (125) 
produced good r e s u l t s .
A com parison  o f  band i n t e n s i t y  m easurem ents by a  number 
of i n v e s t i g a t o r s  f o r  t h e  f i r s t  o v e r to n e  band was made by 
S c h u r in  and E l l i s  (112) w i th  r e a s o n a b le  c o n f i r m a t io n s .  The 
i n t e g r a t e d  i n t e n s i t y  of th e  fu n d am en ta l  band was made by 
Abu-Romia and T ien  ( 3 ) f o r  t e m p e r a tu re s  betw een 300 and 
1500 K.
I n t e g r a t e d  a b s o r p t io n  c o e f f i c i e n t s ,  i e .  l i n e  s t r e n g t h s ,  
o f l i n e s  i n  the  fundam enta l and f i r s t  two o v e r to n e  bands 
of CO were p re s e n te d  by Young (141). This was ex ten ded  
by Hoover and W illiam s (56) to  in c lu d e  a s tu d y  o f  l i n e  
s t r e n g th s  and h a l f - w id th s  and t h e i r  dependence  on 
te m p e ra tu re  and p r e s s u r e .
A n a ly t i c a l  e x p re s s io n s  f o r  b o th  th e  a b s o r p t io n  c o e f f i c i e n t  
and t o t a l  band a b so rp ta n c e  o f  a  v i b r a t i o n a l - r o t a t i o n a l  
band were deve loped  by H sieh  and G-r.eif (71 ) and a  s p e c i f i c  
a p p l i c a t i o n  was made to  CO w i th  good a g re em e n t.
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2 .5  REVIEW OF EXPERIMENTAL AIPARATI
One o f  th e  e a r l i e s t  i n v e s t i g a t i o n s  o f  th e  a b s o rp t io n  sj)ectrurn 
o f  w a te r  vapour was c a r r i e d  ou t by Weber & R an d a ll  (138) in  1932 
u s in g  an evacua ted  s e l f - r e c o r d i n g  s p e c t r o m e te r .  The s c a n  r a t e  
wa.s 0 .16  pm p e r  m in u te ,  r e l a t i v e l y  r a p id  by contem porary  
s t a n d a r d s ,  e n a b l in g  o p e r a t in g  c o n d i t io n s  to  be m a in ta in ed  more 
c o n s t a n t .  The d i s p e r s i n g  e lem en t was a 60° p rism  of KBr. A 
th e rm o p ile  was used t o  d e t e c t  t h e  r a d i a t i o n  o r i g i n a t i n g  from  a 
N ern s t  f i la m e n t  so u rc e  a f t e r  p a s s in g  th ro u g h  the  a b s o r p t io n  c e l l .  
Two c e l l s  were u sed , o f  2 m e tre s  and 3 m e tres  l e n g th  r e s p e c t i v e l y  
These were made of 6" g a lv a n i s e d  i r o n  p ip e  e n c lo sed  by l a c q u e r  
f i lm s  of 0 .5  pm t h i c k n e s s .  Gas flow ed from  one end o f  th e  
a b s o r p t io n  c e l l  to  th e  o t h e r .  The c e l l  cou ld  be h e a te d  t o  350°C 
by r e s i s t a n c e  w ire  wound on a s b e s t o s  p a p e r  wrapped a roun d  t h e  
c e l l .  This was f u r t h e r  su r ro u n d e d  by a c y l i n d e r  o f  magnesium 
and a s b e s t o s ,  and c o v e red  w i th  can v as . To p r o t e c t  th e  l a c q u e r  
f i lm s  a t  h igh  te m p e r a tu re ,  t h e  ends of t h e  c e l l  were c o o le d  by 
H20 . The N ernst f i l a m e n t  was e n c lo se d  i n  a  sm a ll  a s b e s t o s  box 
and o p e ra te d  on an  A.C. l i g h t i n g  c i r c u i t .
H o t t e l  and M angelsdorf (61 ) ,  a few y e a r s  l a t e r ,  o b ta in e d  t h e i r  
r e s u l t s ,  f o r  t o t a l  r a d i a t i o n  from  C02 and H20 , by c o n f in in g  th e  
gas i n  such a way t h a t  t h e  r a d i a t i o n  m easu ring  in s t ru m e n t  co u ld  
see  no c o n f in in g  s u r f a c e s ,  n o t  even th e  t r a n s p a r e n t  windows.
The main f e a t u r e  o f th e  a p p a r a tu s  was th e  v e n tu r i - o p e r a t e d  "gas 
window" which depended ons a d j u s t i n g  th e  mass f low  o f  th e  t e s t  
gas (m ix tu re )  u n t i l  t h e  boundary  c o in c id e d  w i th  th e  p e r i p h e r a l  
h o le s  i n  th e  v e n t u r i  n o z z l e .  By t h i s  means a c o n c e n t r a t i o n  
boundary was formed and th e  t e s t  gas was c o n ta in e d  i n  a windowless 
t e s t  c e l l .  I t  was found d i f f i c u l t  to  m a in ta in  the  windows i n  a 
f ix e d  p o s i t i o n  and t e m p e r a tu r e  and c o n c e n t r a t i o n  g r a d i e n t s  were 
produced  a lo n g  th e  f lo w  p a t h s .  The r a d i a t i o n  from th e  g a s  was 
d e te c te d  by a r e f l e c t i n g - t y p e , t o t a l  r a d i a t i o n  th e rm o p i le ,  which 
was fo cu sed  on th e  c e n t r e  o f  t h e  t e s t  c e l l ,  and. was w a v e le n g th -  
i n t e g r a t e d  and im m odulated . The th e rm o p i le  was c a l i b r a t e d  by 
two b la c k  b o d ie s  h e ld  a t  c o n s ta n t  te m p e ra tu re s  of 388°C and 
993°G r e s p e c t i v e l y .  The t e s t  c e l l  was su rro und ed  by a c h ro m e l-  
wound f u r n a c e ,  p e r m i t t i n g  a  maximum o p e r a t in g  te m p e ra tu re  o f  
abou t 1 000°C.
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T his  ty p e  o f  c e l l  was a l s o  used by Edwards (8 ,3 0 )  i n  h i s  
m easurements on C02 a t  e le v a te d  te m p e ra tu re s  and p r e s s u r e s .
The t e s t  g a s  was c o n f in e d  by a c o u n te r f lo w  o f  i n e r t  n i t r o g e n  t o  
th e  n o z z le s .  The c e l l  was c o n ta in e d  w i th in  a p r e s s u r e  v e s s e l  
s e a le d  w i th  KBr windows and could  be e l e c t r i c a l l y  h e a te d .  Chopped 
r a d i a t i o n  from  a h e a te d  a lu m in a - tu b e  so u rce  was d e t e c t e d ,  a f t e r  
p a ss in g  th ro u g h  th e  a b so rb in g  g a s ,  by a monochromator w i th  KBr 
o r  NaCl p r ism .  A lthough  a flow  te c h n iq u e  a v o id s  th e  s p e c t r a l -  
p a ss  l i m i t a t i o n s  o f  h ig h - te m p e ra tu re  windows, i t  does s u f f e r  from 
u n c e r t a i n t i e s  i n  th e  o p e r a t in g  c o n d i t io n s ,  i e .  p r e s s u r e ,  tem p era ­
t u r e  and e s p e c i a l l y  p a th l e n g th .
Due to  th e  t e m p e ra tu re  l i m i t a t i o n s  o f  t h e  above method, and th e  
in h e r e n t  u n c e r t a i n t y  i n  r e s u l t s  o b ta in ed  by e x t r a p o l a t i o n  to  
h ig h e r  t e m p e r a tu r e s ,  H o t t e l  and Smith (63) d e v e lo p ed  a  method 
f o r  d e te rm in in g  th e  t o t a l  r a d i a t i o n  d i r e c t l y  a t  h ig h e r  tem p era tu re s .  
T h is  c o n s i s t e d  of m easu rin g  th e  em iss io n  o f  r a d i a t i o n ,  and th e  
c o r re sp o n d in g  te m p e r a tu re ,  from o v e r - v e n t i l a t e d  f lam es  o f  CO, H2 
and m ix tu re s  o f  th e s e  i n  a  Meker b u rn e r  o f  v a ry in g  l e n g t h .  Such 
a b u rn e r  p ro d u ce s  a f lam e t h a t  i s  uniform  i n  c o m p o s i t io n  and 
te m p e ra tu re  a lo n g  a  l i n e  o f  s i g h t  normal t o  th e  d i r e c t i o n  o f  f low  
o f  th e  g a s e s .  The p ro d u c ts  o f th e  flam e were c a l c u l a t e d  from th e  
r e a c t a n t s  f e d  t o  th e  b u rn e r .
The s t u d i e s  by Howard e t  a l  ( 65 - 67 , 69 and 70 ) o f  th e  i n f r a - r e d
a b s o r p t io n  o f  H20 vapour and C02 under s im u la te d  a tm o sp h e r ic  
c o n d i t io n s  were c a r r i e d  ou t i n  a  22 m etre  m u l t i p l e - t r a v e r s a l  
a b s o r p t io n  c e l l  which p e rm i t te d  c o n t r o l l e d  v a r i a t i o n s  o f  th e  
g e o m e tr ic a l  p a th l e n g t h ,  gas  p a r t i a l  p r e s s u r e s  and g a s  te m p e ra tu re .  
I n  th e  s t u d i e s  on w a te r  v ap o u r ,  sam ples were a d m i t te d  t o  th e  c e l l  
by a l lo w in g  f r e s h l y - b o i l e d ,  d i s t i l l e d  w a te r  t o  e v a p o ra te  i n t o  th e  
ev acu a ted  a b s o r p t io n  c e l l  u n t i l  t h e  d e s i r e d  p a r t i a l  p r e s s u r e  had 
been a t t a i n e d .  Care was ta k e n  to  avo id  th e  use  o f  p r e s s u r e s  to o  
c lo s e  t o  th e  s a t u r a t e d  vapo u r  p r e s s u r e ,  s i n c e  s l i g h t  changes i n  
c e l l  t e m p e ra tu re  would have caused  c o n d e n sa t io n ;  t h i s  would n o t  
on ly  have made th e  a b s o r b e r  c o n c e n t r a t io n  u n c e r t a i n  bu t would a l s o  
have p rodu ced  s p u r io u s  e f f e c t s  i f  th e  m i r r o r s  o r  c e l l  windows had 
become fo g g ed . P r e c a u t io n s  were a l s o  ta k e n  d u r in g  th e  i n t r o d u c t i o n  
o f  n o n -a b s o rb in g  g a se s  f o r  p re s s u r e - b ro a d e n in g ;  t h i s  was c a r r i e d  
out s lo w ly  so t h a t  th e  n o n -ab so rb in g  gas and th e  w a te r  v ap o u r  had 
s u f f i c i e n t  t im e  to  d i f f u s e  i n t o  each o t h e r .  I f  t h e  i n e r t  g as  was 
a d m it te d  to o  r a p i d l y ,  n e a r  th e  c e n t r e  o f  th e  c e l l ,  th e  w a te r  vapour
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was swept tow ards th e  ends o f  th e  c e l l  r e s u l t i n g  i n  l o c a l  fo g g in g  
o r  c o n d e n sa t io n  on th e  w a l l s .
T ay lo r  e t  a l  (122) used a P fund ty p e  c e l l ,  12" i n  d ia m e te r  and 
a lm o s t  44" i n  o v e r a l l  l e n g t h .  The c e l l  was o f  s t e e l  c o n s t r u c t i o n  
w i th  a p o r c e l a i n  enamel l i n i n g  p e r m i t t i n g  o p e ra t io n  to  500°C and 
beyond. Cooled windows were a t t a c h e d  to  dem ountable  end f l a n g e s .  
S t r i p  h e a t e r s  were a t t a c h e d  s y m m e tr ic a l ly  around  t h e  o u t s id e  o f  
th e  c e l l ,  and th e  whole was su rro u n d e d  by m agnesia  b lock  i n s u l a ­
t i o n ,  The e x i t  and e n t r a n c e  a p e r t u r e s  were 0 .1 9 "  w ide. Two 
p l a t i n i s e d  f u s e d - q u a r t z  m i r r o r s  were used i n s i d e  th e  c e l l .  A 
w a te r - c o o le d  carbon  a r c ,  o p e ra te d  on d i r e c t  c u r r e n t ,  p ro v id e d  t h e  
so u rc e  o f  r a d i a t i o n ,  and a  s p e c t r o m e te r  w i th  NaCl and LiF p r ism s  
and a therm ocoup le  d e t e c t o r  c o n s t i t u t e d  th e  r e c e i v i n g  o p t i c s  i n  
th e  2 to  15 pm r e g io n .  A ch o p p e r  i n t e r u p t e d  th e  r a d i a t i o n ,  
e n t e r in g  th e  c e l l ,  a t  13 c y c l e s  p e r  se co n d .
T o u r i n 's  (126) i n v e s t i g a t i o n s  o f  C02 and H20 vapour a b s o r p t io n  
were c a r r i e d  ou t i n  a s p e c i a l  g a s  c e l l  c o n s t r u c t e d  o f  a fu se d  
q u a r t z  tu b e  equipped w i th  q u a r t z  windows and connec ted  to  a  gas  
l i n e .  The c e l l  was h e a te d  by a  tu b e  f u r n a c e ,  i n  which th e  c e l l  
was p o s i t i o n e d ,  and th e  power su p p ly  c o n t r o l l e d  to  m a in ta in  
c o n s t a n t  fu rn a c e  t e m p e r a tu r e s .  E m iss io n  and a b s o r p t io n  m easu re ­
ments were o b ta in e d .
G o ld s te in  (49 , 50), i n  h i s  m easurem ents o f  th e  a b s o lu te  i n t e n s i t i e s  
o f  th e  n e a r  i n f r a - r e d  bands o f  H20 v a p o u r ,  used a s t a i n l e s s - s t e e l  
v a r i a b l e - s p a c e r  a b s o r p t io n  c e l l  w i th  S a p p h ire  windows, su r ro u n d e d  
by an  e l e c t r i c  oven. O p e ra t in g  te m p e ra tu re s  o f  1200K were 
a c h ie v e d .
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F e r r i s o  and Ludwig (41 ) c a r r i e d  ou t h ig h  te m p e ra tu re  e m i s s i v i t y  
m easurem ents on H2-0 v a p o u r  u s in g  a sm a ll  r e s e a r c h  r o c k e t  b u r n e r ,  
v a ry in g  th e  te m p e ra tu re  o f  t h e  g a s e s  by v a ry in g  th e  s to i c h io m e t r y  
o f  th e  g a se s  (H2 and 0 2) b u rned  i n  th e  r o c k e t .  The m easurem ents 
were made a t  th e  im m ediate  e x i t  o f  t h e  b u rn e r  n o z z le  where t h e  
c o m p o s it io n ,  t o t a l  p r e s s u r e  and te m p e ra tu re  cou ld  be d e f in e d .
The e m is s io n  m easurem ents w ere  made w i th  a  d o u b le -p a s s  p r ism  
(CaF2 ) monochromator t o g e t h e r  w i th  a  g lo b a r  l i g h t  s o u r c e ,  therm o­
coup le  d e t e c t o r  and a  s t a n d a r d  b lackbody  c a l i b r a t i o n  s o u r c e .  F o r  
a b s o r p t io n  d e te r m in a t io n s ,  a  d im in u t io n  i n  th e  g lo b a r  i n t e n s i t y
was m easu red . The ro c k e t  b u rn e r  was H^O co o le d  d u r in g  o p e r a t io n ,  
h e a t  b e in g  t r a n s f e r r e d  from th e .c o m b u s t io n  g as  to  th e  c o o la n t .
An a t t e m p t  was made t o  c o r r e c t  f o r  t h i s  h e a t  l o s s .
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A lthough  h ig h e r  o p e ra t in g  te m p e ra tu re s  can  be a c h ie v e d  by th e  
use o f  f lam e sy s te m s , such  s t u d i e s  s u f f e r  from  th e rm a l  and con­
c e n t r a t i o n  g r a d i e n t s ,  th e  p o s s ib l e  l a c k  o f  thermodynamic e q u i l i ­
brium , and  th e  i n t e r f e r e n c e  by bands o f  o t h e r  s p e c i e s .  Even 
h ig h e r  t e m p e r a tu r e s ,  up to  2100K, have been a c h ie v e d  by S te in b e r g  
and D av ies  (119) who s t u d i e d  th e  o x id a t io n  o f  ca rb on  monoxide 
behind shock  waves. S t e in b e r g  and D avies c la im  t h a t  th e  d is a d v a n ­
ta g e s  o f  f lam e  methods a r e  n o t  p r e s e n t  i n  such  m ethods. The 
developm ent o f  s e n s i t i v e  r a p id - r e s p o n s e  i n f r a - r e d  d e t e c t o r s ,  
r e c e n t  i n  1961, was n e c e s s a r y  f o r  e f f i c i e n t  d a ta  r e c o v e ry .
N oting  t h e  m ajo r  l i m i t a t i o n s  o f com bustion  j e t s  and shock  tu b e  
sy s tem s , T ie n  and G-iedt (124) c o n s t r u c te d  a  f u rn a c e  sy s tem  cap a b le  
o f  o p e r a t in g  a t  t e m p e ra tu re s  up to  2000K. The t e s t  gas  was 
c o n ta in e d  w i th in  a  z i r c o n i a  tu b e  l o c a t e d  i n s i d e  a  c y l i n d r i c a l  
g r a p h i t e  h e a t e r .  Z inc s e l e n i d e  windows c o n ta in e d  w i th in  w a te r -  
co o led  window h o ld e r s  a llo w ed  i n v e s t i g a t i o n s  o f  w av e len g th s  up to  
20 pm. A g lo b a r  so u rc e  p ro v id e d  th e  i n f r a - r e d  r a d i a t i o n .  The 
chopped and a t t e n u a t e d  r a d i a t i o n  was d i r e c t e d  th ro u g h  a  d o u b le ­
pass  m onochrom ator o f  h ig h  r e s o l u t i o n ,  f i t t e d  w i th  p r i s m s ,  and 
onto  a n  e v a c u a te d  th e rm o co u p le .  One p rob lem  e n c o u n te re d  i n  t h i s  
system  was th e  e x i s t e n c e  o f  te m p e ra tu re  g r a d i e n t s  a lo n g  th e  c e l l ,  
e s p e c i a l l y  n e a r  th e  w a te r -c o o le d  window.
SECTION 3
THEORY
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3.1 UNITS
In  th e  l i t e r a t u r e ,  s p e c t r a l  p o s i t i o n  i s  i n d i c a t e d  i n  one o f  
th r e e  u n i t s .  I n  l a b o r a t o r y  m easurem ents of th e rm a l  r a d i a t i o n ,  
i t  i s  more c o n v e n ie n t  to  u se  w a v e le n g th ,X  . From a t h e o r e t i c a l  
p o in t  of v iew  (8 8 ) ,  th e  use  o f  wavenumber, oo , o r  f r e q u e n c y ,  N? , 
i s  p r e f e r r e d  e s p e c i a l l y  when d e a l in g  w ith  r a d i a t i o n  from  g a se s  
In  g e n e r a l ,  u n i t s  of f req u e n cy  a re  used i n  s i t u a t i o n s  where 
r a d i a t i o n  p a s s e s  from one medium to  a n o th e r  of d i f f e r e n t  
r e f r a c t i v e  in d e x ,  s in c e  i t s  m agnitude  rem a in s  unchanged.
These p a ra m e te r s  have th e  f o l lo w in g  r e l a t i o n s h i p : -  
X = Co/nv = 1 /co .  ..........................  (1 )
10 _1
where c 0 = speed of l i g h t  i n  vacuo = 2 .99793  x 10 cm.s 
n  = r e f r a c t i v e  in d ex  a t  th e  i n t e r f a c e  betw een 
th e  medium and vacuo ; u n i t y  f o r  g a s e s .
The u n i t s  commonly used  a r e : -
w av e len g th  -  m ic ro m e tres  (jum) 
f req u e n cy  -  r e c i p r o c a l  seconds ( s _ 1 )
wavenumber -  r e c i p r o c a l  c e n t im e t r e s  (cm- *) 1
som etim es term ed k a y s e r s  (k)
3 .2  TRANSMISSION, ABSORPTION AND REFLECTION
When r a d i a t i o n  i s  i n c i d e n t  on a body, a  f r a c t i o n  oC of i t  i s  
a b so rb ed , a  f r a c t i o n  p i s  r e f l e c t e d  and t h e  re m a in d e r  i s  
t r a n s m i t t e d  th ro u g h  th e  b o d y : -
0C(T) + p (T )  + C ( T )  = 1 .0  ..................  (2)
where T i s  a b s o l u t e  te m p e ra tu re  and oC is  c a l l e d  th e  a b s o r p t i v i t y ,
p th e  r e f l e c t i v i t y  and *C t h e  t r a n s m i s s i v i t y  of th e  body.
The body can  be s o l i d ,  l i q u i d  o r  g a s .  S i m i l a r l y ,  f o r  monochro­
m atic  r a d i a t i o n  i n c i d e n t  on a  b o d y :-
o t x(X,T) + f x ( X ,T )  + Gx(X,T) = 1 .0   (3)
3 .3  REFLECTIVITY
For norm al i n c id e n c e  on t h e  s u r f a c e  of a  t r a n s m i t t i n g  m a t e r i a l ,  
th e  r e f l e c t i v i t y  i s  g iven  by th e  r e l a t i o n : -
f -(StT   (4)
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where n = th e  r e f r a c t i v e  in d ex  a t  th e  i n t e r f a c e  between 
th e  two m edia.
In  th e  ca se  of a b so rb in g  m a t e r i a l s ,  th e  r e f l e c t i v i t y  a l s o  
depends on th e  a b s o r p t io n  c o e f f i c i e n t ,  k .  For t h e o r e t i c a l  
p u rp o se s ,  th e  a b s o r p t io n  c o e f f i c i e n t  i s  o f t e n  e x p re ssed  in  
term s of th e  a b s o r p t io n  ind*ex, a ,  b y : -
k = 4TTa/X ........................................................................ (5 )
For norm al in c id e n c e  on an i n t e r f a c e  betw een a i r  and an 
a b so rb in g  m a t e r i a l  ( 9 4 ) : -
P = (tt-O2 ±a2 ......... ( 6)
(n*f 1 )2 + a2
The r e f r a c t i v e  in d ex  of a  gas  d i f f e r s  from  t h a t  o f a i r  ( u n i ty )  
on ly  i n  th e  f o u r t h  d ec im a l  p la c e  (110). As su c h ,  th e  r e f l e c t i v i t y  
of a gas  can  g e n e r a l l y  be n e g l e c t e d .  Thus e q u a t io n s  (2) and (3) 
become: -
oC(T) + Z { T) = 1 .0  ............  (7)
and o(^(\,T) +'C^(X,T) = 1 . 0 .......................... ............  (8)
3 .4  APPARENT AND TRUE ABSORPTIVITY
When a medium i s  bounded by two p a r a l l e l  s u r f a c e s ,  r a d i a t i o n  
i n c i d e n t  on one s u r f a c e  i s  e x t e r n a l l y  and i n t e r n a l l y  r e f l e c t e d  
a  number of t im e s .  For an  i n f i n i t e  number o f r e f l e c t i o n s ,  th e  
a p p a re n t  r e f l e c t i v i t y ,  Roo , can be found to  be : -
e „  *  e i S k  ( 9 )
1- p*G2
assum ing th e  two s u r f a c e s  a r e  i d e n t i c a l .
S i m i l a r ly ,  a p p a re n t  t r a n s m i s s i v i t y  Too aad- a p p a re n t  a b s o r p t i v i t y  
Aoo a re  r e s p e c t i v e l y : -
= 0 - p ) %  ............  (10)
1 -  jc /t?
and Aoq = (1 — p)Z  . . . . . .  (11)
" T - ’p E
3 .5  APPARENT TRANSMISSIYITY OF SAMPLE
I f  a  beam o f  i n f r a - r e d  r a d i a t i o n  i s  pa ssed  th ro u g h  a sample c e l l ,
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and i t  i s  assumed t h a t : -
( i )  r e f l e c t i o n s  on ly  occu r  a t  . the  i n t e r f a c e  betw een th e  
c e l l  window and th e  e x t e r n a l  f l u i d ,
( i i )  a l l  r a y s  e sc a p in g  th e  c e l l  i n  th e  d i r e c t i o n  of th e  
d e t e c t o r  a r e  d e t e c t e d ,  and 
( i i i )  r a y s  from s u c c e s s iv e  p a s s e s  th ro u g h  th e  c e l l  a r e  i n  
phase and add w ith o u t  i n t e r f e r e n c e ,  
then  th e  i n t e n s i t y  o f th e  r a d i a t i o n  re a c h in g  th e  d e t e c t o r  i s : -
I  (sample) = Ip    (12)
1 -  C 2
where Io  = i n c i d e n t  r a d i a t i o n  i n t e n s i t y
When a t r a n s p a r e n t  medium i s  s u b s t i t u t e d  f o r  th e  sam ple , th e  
d e te c te d  r a d i a t i o n  i s : -
I  ( re fe re n c e )  = I 0 ( l -p)2   (13)
1 -  p2
Hence th e  m easured  t r a n s m i s s i v i t y  o f  th e  sam ple i s  g iv e n  b y : -
T = I  (sample) = C(1 -  p2)   ( 14 )
I  ( r e fe re n c e )  1 - t / p 2
I t  can be s e e n  t h a t  i n  th e  c a se  of a  q u a r tz  c e l l ,  where th e  
r e f r a c t i v e  in d e x  (n) i s  about 1 .5 ,  p =  0 .0 4  and T ^  'G w i th in  a 
sm a ll  f r a c t i o n  of one p e r c e n t .
3 .6  BLACKBODY
A blackbody i s  d e f in e d  a s  one which i n t e r n a l l y  a b so rb s  a l l  
i n c id e n t  e n e rg y ,  r e f l e c t i n g  and t r a n s m i t t i n g  none . T h is  i s  t r u e  
of r a d i a t i o n  f o r  a l l  w av e len g th s  and f o r  a l l  a n g le s  o f  i n c id e n c e .  
Hence a b lackbody  i s  a  p e r f e c t  a b s o rb e r  o f  i n c i d e n t  r a d i a t i o n .  
From K i r c h h o f f ' s  Law (se e  l a t e r )  i t  w i l l  r e a d i l y  be s e e n  t h a t  a 
b lackbody a l s o  e m its  a maximum q u a n t i t y  o f e n e rg y .
The t o t a l  r a d i a n t  en ergy  e m i t te d  by a b lackbody  i s  a  f u n c t i o n  
only  of i t s  t e m p e r a tu re .
3 .7  PLANCK'S LAW
P la n c k 's  Law d e f i n e s  th e  s p e c t r a l  d i s t r i b u t i o n  o f  r a d i a t i o n  from 
a b la c k b o d y :-
Eb x (A,T) = Ci n 2 X "5 [e x p  (C2/AT) -  1 ]  ^    (15)
where EbX = th e  monochromatic e m iss iv e  power of a blackbody
= th e  energy  e m it te d  a t  w ave leng th  X p e r  u n i t  s u r f a c e  
a r e a  p e r  u n i t  tim e p e r  u n i t  w av e len g th  i n t e r v a l
12
C/j = 2 tt hc£ = F i r s t  R a d ia t io n  C o n s ta n t  = 3.7402 x 10 W.cm2
C2 = h c 0/b  = Second R a d ia t io n  C o n s tan t  = 14,386 jxm.K
h = P la n c k ’s C on stan t = 6 .6256 x 10~34 J . s
b = Boltzmann C o n s tan t  = 1.38054 x 10~23
A l t e r n a t i v e  form s of equation  (15) a re  som etim es employed where 
f req u en cy  or wavenumber i s  u se d ,  r a t h e r  th a n  w a v e le n g th : -
Ebv (V,T) = C1n2 c 0“4 V3 j^exp ( C29 / c 0T) -  H . .............. ( 16 )
and Eb<o (C0,T) = n2 (O5 [exp (C 2U)/T) -  1 “ 1   (17)
where Eb\>, Ebto = em iss iv e  power p e r  u n i t  f re q u e n c y  o r  wavenumber 
abou t th e  c e n t r a l  f r e q u e n c y ,v ,  o r  wavenumber ,co .
3 .8  WIEN’S DISPLACEMENT LAW
The w ave leng th  a t  which th e  en e rg y  e m iss io n  i s  a  maximum a t  any 
te m p e ra tu re  i s  g iv e n  by W ien 's  D isp lacem en t Law:-
Xmax. ^ = 2898 jim.K-   (18)
This e x p re s s io n  can be found a n a l y t i c a l l y  from  P la n c k ’s e q u a t io n .  
S u b s t i t u t i o n  of t h i s  e q u a t io n  i n t o  P l a n c k 's  e q u a t io n  g iv e s  th e  
maximum e m is s iv e  power of a  b lackb ody  w ith  r e s p e c t  to  t e m p e r a tu r e : -
(EbX)max = 1 .3  T5 x 10-1 5 W.cm2   (19)
3 .9  STEFAB-BOLTZMANN LAW
The t o t a l  r a d i a n t  em iss io n  from a b lack bod y  a t  any te m p e ra tu re  i s  
g iv en  by th e  i n t e g r a l ,  o ve r  a l l  w a v e le n g th s ,  o f th e  monochromatic 
e m iss iv e  power. T h is  has been  found by S te f a n  ( e x p e r im e n ta l ly )  
and Boltzmann ( a n a l y t i c a l l y )  t o  be depend en t on te m p e ra tu re  
a c c o rd in g  t o  t h e  e q u a t io n : -
Eb(T) = j p s b X  (X.T).dX = tf-T4   (20)
where Eb = t o t a l  b lackbody  e m iss iv e  power, and
cr = - S te fan -B o ltzm an n  c o n s ta n t  = C.jTT^/1 5CL,4
= 5 .6694 x 10“12 W.cm.” 2K“ 4
3 .1 0  EMISSIVITY
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F or r e a l  ( i e  n o n -b la c k )  b o d ie s ,  an e m i s s iv i t y  i s  d e f in e d  as  th e  
r a t i o  of th e  e m is s iv e  power of t h e  body to  t h a t  of a b lackbody
a t  th e  same t e m p e r a tu r e : -
eX(X,T) = EX(\,T)/BbX (X,T) .   (2 1)
J OO
  „KX (X,T) dA
Eb (T) j"E b \(X ,T ) dA
100
e x (X ,T ) . E b \ ( X ,T ) .d \  / c r T 4 ...........  (2 2 )
0
where m onochromatic e m i s s i v i t y  of body a t  w aveleng th  \
E^ = monochromatic e m iss iv e  power of body 
E = t o t a l  e m iss iv e  power of body
A body whose e m i s s iv i t y  i s  c o n s ta n t  w i th  w av e le n g th  i s  known a s
a g rey  body.
6 g \  (X,T) = 6g(T) = c o n s ta n t
where £g and BgX = t o t a l  and m onochrom atic e m i s s i v i t i e s  o f
th e  g rey  body, r e s p e c t i v e l y .
3„11 KIRCHHOFF'S LAW
K i r c h h o f f ' s  Law s t a t e s  t h a t  f o r  a  sys tem  i n  thermodynamic 
e q u i l i b r iu m ,  th e  m onochromatic a b s o r p t i v i t y  o f a s u r f a c e  i s  
e qu a l  to  i t s  monochromatic e m i s s i v i t y : -
0Cx(X,T) = £X(A,T)   (25)
In  f a c t ,  t h i s  r e l a t i o n s h i p  can be a p p l i e d  to  n o n - e q u i l ib r iu m  
c o n d i t i o n s ,  s in c e  oC^  and 6 ^  a r e  s u r f a c e  p r o p e r t i e s  and as  such 
depend s o l e l y  on th e  n a tu r e  o f th e  s u r f a c e  and i t s  t e m p e ra tu re .
I n  th e  c a se  of t o t a l  a b s o r p t i v i t y  and e m i s s i v i t y ,  K i r c h h o f f ' s  
e q u a t io n : -
OC(T) =  e ( T )    ( 2 4 )
i s  more r e s t r i c t i v e .
The r a d i a t i o n  i n c i d e n t  upon a s u r f a c e  has  c h a r a c t e r i s t i c s  which 
depend on th e  s o u rc e ,  so th e  s p e c t r a l  d i s t r i b u t i o n  of t h i s  r a d i a ­
t i o n  i s  in d e p e n d e n t  of th e  p r o p e r t i e s  o f  th e  a b so rb in g  s u r f a c e : -
,  CO
oc = J<Xx(A,Ts ) .  EbA ( \ , T i ) . d A /  Eb (®i) = f ( T s ,T i )  ............  (25)
(CO
6  = J £x(X,Ts ) .E bx ( A ,T s ) .d \  /  Eb (Ts ) = f  (TS) ............  (26)
■'o
where Ts = th e  te m p e ra tu re  of th e  a b s o r b i n g /e m i t t i n g  s u r f a c e ,  
and T i = th e  te m p e ra tu re  o f  th e  so u rc e  of i n c i d e n t  r a d i a t i o n .
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Thus e q u a t io n  (2 4 ) on ly  h o ld s  i f  th e  body i s  g r e y ,  i e . and 
0C\ a re  equa l and c o n s t a n t ,  or f o r  th e rm a l  e q u i l ib r iu m  ( i s  = T i ) .
3*12 PHYSICAL MECHANISMS OF GASEOUS ABSORPTION AND EMISSION
The a b s o r p t io n  o r  em iss io n  of a photon  of th e rm a l  r a d i a t i o n  by 
a gas r e s u l t s  i n  th e  atoms o r  m o le cu le s  of th e  gas moving from 
one q u a n t i s e d  energy  l e v e l  to  a h ig h e r  o r  lo w er  l e v e l ,  r e s p e c ­
t i v e l y .  For m o le c u la r  g a s e s ,  th e s e  l e v e l s  may be r o t a t i o n a l ,  
v i b r a t i o n a l  o r e l e c t r o n i c ;  f o r  monatomic g a se s  only
e l e c t r o n i c  t r a n s i t i o n s  a re  in v o lv e d .
The m agnitude  of th e  en ergy  t r a n s i t i o n  i s  r e l a t e d  t o  th e  freq u e n cy  
of th e  a b so rb ed  o r  e m it te d  r a d i a t i o n  by th e  e q u a t i o n : -
AB = ih\?   ( 27)
where i  = an i n t e g e r
So a f i x e d  freq u e n cy  i s  a s s o c i a t e d  w i th  th e  t r a n s i t i o n  from a 
s p e c i f i c  energ y  l e v e l  to  a n o th e r .  Thus i n  t h e  absence  o f  any 
o th e r  e f f e c t s ,  th e  r a d i a t i o n  ab so rbed  o r  e m i t te d  w i l l  be i n  th e  
form of a s p e c t r a l  l i n e .  T his l i n e ,  how ever, w i l l  have a f i n i t e  
w id th  r e s u l t i n g  from th e  v a r io u s  b ro ad e n in g  e f f e c t s  t o  be 
d is c u s s e d  l a t e r .
E le c t r o n i c  t r a n s i t i o n s  in v o lv e  h ig h  f r e q u e n c ie s  and th u s  g iv e  
r i s e  to  a b s o r p t io n - e m is s io n  l i n e s  i n  t h e  u l t r a - v i o l e t  (0.01 -  
0 .4  pn) , v i s i b l e  (0 .4  -  0 .7  pm) and n e a r  i n f r a - r e d  (0 .7  -  1 .5  p m) 
r e g io n s .  V i b r a t i o n a l  and r o t a t i o n a l  t r a n s i t i o n s  a re  a s s o c i a t e d  
w ith  t h e  i n f r a - r e d  (1 .5  -  20 pm) and f a r  i n f r a - r e d  (20 -  100 pm) 
r e g i o n s ,  r e s p e c t i v e l y .  However, v i b r a t i o n a l  en e rg y  t r a n s i t i o n s  
a re  a lw ays cou p led  w ith  r o t a t i o n a l  t r a n s i t i o n s .  R o ta t io n a l  
s p e c t r a l  l i n e s  super-im posed  on a v i b r a t i o n a l  l i n e  g iv e  a band 
of c l o s e l y  spaced  s p e c t r a l  l i n e s ;  when a v e rag e d  to g e t h e r  i n to  
one c o n tin u o u s  r e g io n ,  i t  i s  r e f e r r e d  to  a s  a v i b r a t i o n - r o t a t i o n  
band. The s p e c t r a l  p o s i t i o n  of one of t h e s e  bands i s  de te rm in ed  
by th e  v i b r a t i o n a l  f req u e n cy  of th e  m o le c u le ,  w h i le  th e  s t r u c t u r e  
of th e  band i s  governed  by i t s  r o t a t i o n a l  f r e q u e n c i e s .
Gases t h a t  e x h i b i t  energy  t r a n s f o r m a t io n s  i n  th e  i n f r a - r e d  a re  
of p o la r  m o le c u la r  fo rm : th e s e  g a se s  have an  " e l e c t r i c  moment".
In  some c a s e s  t h i s  i s  a  d ip o le  moment and i n  more complex m o lecu les
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a quadropo le  moment. R e g a rd le s s  of te rm in o lo g y ,  th e  m o lecu le s  
a re  always asym m etric  i n  some mode o f  m o le c u la r  v i b r a t i o n .
The i n e r t  g a se s  such  a s  a rg o n  and neon, and th o s e  g a se s  w ith  
symmetric d ia to m ic  m o le c u le s  such a s  oxygen, n i t r o g e n  and 
hydrogen, may th u s  be c o n s id e re d  t r a n s p a r e n t  to  th e rm a l  
r a d i a t i o n  a t  t e m p e ra tu re s  o f p r a c t i c a l  i n t e r e s t .
Unsym m etrical gaseo us  m o le c u le s ,  eg carbon  monoxide, and 
polyatom ic  g a se s  such  a s  ca rb o n  d i o x i d e ,w a te r  v ap o u r ,  th e  
ox ides  o f  s u lp h u r  and n i t r o g e n ,  ammonia and p r a c t i c a l l y  a l l  
o rg an ic  v a p o u rs ,  a r e  a b s o r b e r s  and e m i t t e r s  of th e rm a l  r a d i a t i o n .  
I t  i s  a p p a re n t  t h a t  t h e  p ro d u c ts  from th e  com bustion  of f u e l s  
a re  e m i t t i n g / a b s o r b in g  g a s e s .
3 .1 3  BOUGUER-LAMBERT (OR BEER’S) LAW
The a b s o r p t io n  and e m is s io n  of r a d i a n t  energy  i s  e s s e n t i a l l y  a  
s u r f a c e  phenomenon f o r  a  s o l i d  body, b u t  f o r  a gas l a y e r  i t s  
i n t e r n a l  p r o p e r t i e s  and geom etry  a s  w e l l  a s  i t s  s u r f a c e  must be 
ta k e n  i n to  a c c o u n t .
When a beam o f m onochrom atic  r a d i a t i o n  p a s se s  th ro u g h  a t h i n  
l a y e r  of a b so rb in g  gas  o f  t h i c k n e s s  d l ,  th e  change i n  i n t e n s i t y  
d l \  i s  p r o p o r t i o n a l  to  t h e  l o c a l  i n t e n s i t y  1^ , and d l
d l \  oC Ix*ril
o r  d l \  = -Kx . I x . d l    (28)
K \  i s  termed- th e  e x t i n c t i o n  o r  a t t e n u a t i o n  c o e f f i c i e n t ,  and i s  
a  fu n c t io n  of th e  p r e s s u r e ,  t e m p e ra tu re  and co m p o s it io n  o f  t h e  
g a s ,  and t h e  w a v e le n g th  of th e  i n c i d e n t  r a d i a t i o n .
T h e re fo re ,  when a m onochrom atic  beam of i n t e n s i t y  I x c i s  i n c i d e n t  
on a gas l a y e r  of t h i c k n e s s  L, th e  r a d i a t i o n  i n t e n s i t y  em erging 
from th e  l a y e r  i s  g iv en  b y : -
= I \ o  • exp £ - j r \ x ( X f l ) d l |  . . . . . .  (29)
i f  no o th e r  p ro c e s s  (e g .  s c a t t e r i n g )  i s  c o n t r i b u t i n g  to  t h e  
a t t e n u a t i o n  o f  th e  r a d i a t i o n .
3 .1 4  OPTICAL THICKNESS
A q u a n t i t y  c a l l e d  th e  o p t i c a l  t h i c k n e s s  o r  o p a c i ty ,  , i s
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d e f in e d  such t h a t : -
rL
For a gas t h a t  i s  of un ifo rm  c o m p o s it io n  and i s  a t  un ifo rm  tempe­
r a t u r e  and p r e s s u r e ,  K \  becomes in d ep e n d en t  o f  p o s i t i o n  a n d : -
i x l  = i \ 0 - exP Q- Kx M l ]    ( 3 1 )
The d i f f e r e n c e  i n  i n t e n s i t y  of th e  r a d i a t i o n  e n t e r in g  and l e a v in g  
th e  gas i s  th e  amount of energy  a b so rb ed  by th e  b u lk  of th e  g a s ,  
and the  a b s o r p t i v i t y ,  <X , i s  th e  f r a c t i o n  of i n c i d e n t  energy 
a b so rb ed . For m onochrom atic r a d i a t i o n : -
= I xo -  I  XL = 1 -  exp Q -  K x (X) i j  -------  (3 2 )
I \ o
When a m ix tu re  of two a b so rb in g  g a se s  i s  c o n s id e r e d ,  t h e  monochro­
m a tic  a b s o r p t i v i t y  i s  g iv e n  b y : -
0<x = 1 -  exp - Q k \ t ( \ )  + Ka2 (X ) ]    (33)
where s u b s c r i p t s  1 and 2 r e f e r  to  th e  two g a se s  p r e s e n t .  .
5.15 ABSORBER CONCENTRATION
The c o n c e n t r a t i o n  of an a b so rb in g  g a s ,  u ,  i s  r e p r e s e n te d  i n  
s e v e r a l  ways i n  t h e  l i t e r a t u r e .  The g e n e r a l  form  f o r  a n o n -  
i s o th e r m a l  (108) gas  i s : -
u = J < T a - d l   ( 3 4 )
where p a  — d e n s i t y  of a b so rb in g  g a s .
The a b s o rb e r  c o n c e n t r a t i o n  i s  a l t e r n a t i v e l y  te rm ed  a b s o rb e r  t h i c k ­
n e s s ,  o p t i c a l  t h i c k n e s s ,  o p t i c a l  d e n s i ty  o r  o p t i c a l  d e p th .  For an 
i s o th e rm a l  g a s ,  th e  c o n c e n t r a t i o n  i s  g iv e n  b y : -
u (bar.cmgrjyp) = P ( b a r ) ,  l(cm ) . 273/T(K)   (35)
where p = th e  p a r t i a l  p r e s s u re  o f  t h e  a b s o r b in g  g a s .
NB. The a b s o r b e r  c o n c e n t r a t i o n  i s  n o rm a lly  redu ced  to  
s ta n d a rd  te m p e ra tu re  ( 273*0 -
Kx ( X , l )  = J o Kx ( X . l ) d l    (30)
In  th e  c ase  of ca rb on  monoxide (14 ) ,  a  c o r r e c t i o n  i s  a p p l i e d  to  
accoun t f o r  s l i g h t  n o n - l i n e a r i t y  i n  th e  r e l a t i o n  betw een  p a r t i a l
p re s s u re  and d e n s i t y : -
u Co (b a r .c m .  STP) = Pco ( b a r ) . L ( c m ) | j + 0 .0009 p0 0 (b a r ) ]  .273/TQO
  (36)
S i m i l a r ly ,  f o r  carbon  d io x id e  (15,102), a c o r r e c t i o n  i s  a p p l i e d  to  
accoun t fo r  d e n s i ty  d i f f e r e n c e s  betw een th e  s t a n d a r d  and o p e r a t in g
te m p e ra tu re ,  i e .  to  a cc o u n t  f o r  Van d e r  W aa l 's  f o r c e s
u co2 (bar .em .g T p) = Pco2 (b a r )  .L(cm) ^1+0.0047pCO2J  .273/T(K)
 ( 3 7 )
A more a c c u r a t e  e x p re s s io n  could  he d e r iv e d  from  Van d e r  W aa l 's  
c o n s t a n t s ,  b u t  th e  s i m p l i f i e d  e q u a t io n  (3 7 ) ,  i s  a d eq u a te  f o r  
p r e s s u r e s  t o  beyond 15 b a r  (1 5 ) .
In  h i s  work on C02 , Edwards (30) used  a  d i f f e r e n t  form o f  a b s o rb e r  
c o n c e n t r a t i o n  which he term ed mass p a th l e n g th ,  w :-
Woo, = x . S  = P c o t1  ..............  (38)
1 RT m T
where x = mole f r a c t i o n  o f  a c t i v e  g a s ,  P = t o t a l  p r e s s u r e  and 
R = th e  g a s  c o n s t a n t .
T h is  i s  e q u iv a le n t  to  t h e  m ass, w, o f  gas i n  t h e  o p t i c a l  p a th  pe r  
u n i t  a r e a ,  p e r p e n d i c u l a r  to  t h e  o p t i c a l  p a t h .
S ince  w a te r  vap o u r  i s  c o n d e n s ib le ,  i t s  a b s o rb e r  c o n c e n t r a t i o n  i s  
sometimes e x p re s s e d  (by m e t e r o l o g i s t s )  i n  p r e c i p i t a b l e  c e n t im e t r e s  
( p r . c m . ) ,  w hich  g iv e s  t h e  t h ic k n e s s  o r  d e p th  o f  th e  l a y e r  of l i q u i d  
w a te r  t h a t  would be formed i f  a l l  w a te r  vapour i n  th e  a b s o r p t io n  
p a th  was condensed i n  a  v e s s e l  o f  th e  same c r o s s - s e c t i o n a l  a r e a  as  
the  c 'e l l s -
uH2o(Pr  • cm*) 13 p H 2o(©n *cm"*3 ) -L(cm) ............... (59)
where P h 20 = w a te r  vapour d e n s i t y .
S ince  th e  d e n s i t y  of l i q u i d  w a te r  i s  1 gm.cm.” ^ , th e  u n i t  of p r .cm . 
i s  n u m e r ic a l ly  e q u iv a le n t  t o  gm.cm.“ 2 .
The a b s o rb e r  c o n c e n t r a t i o n  can  be c a l c u l a t e d  from  th e  m easured 
w a te r  vapour p r e s s u r e ,  t e m p e ra tu re  and p a th l e n g th  by assum ing  t h a t
the  vapour i s  a p e r f e c t  g a s .  The r e s u l t i n g  e x p re s s io n  (15 ,46) i s : -
uH20 (gffi.cm- 2 ) = 0 .2 1 6 7 . Ph20 (b a r ) ,L (cm )/T (K )    (40)
s in c e  p H^Q= 0.8042 x 1 O”3 gm.cm.~3 ( 01) a t  0°G and 1 b a r .
No c o r r e c t i o n  f o r  n o n - l i n e a r i t y  between the  p r e s s u r e  and d e n s i t y  
of w a te r  a t  c o n s ta n t  te m p e ra tu re  i s  r e q u i r e d  f o r  t h e  w a te r  vapour 
p re s s u re s  u sed  i n  t h i s  s tu d y  (1 5 ) .
In  th e  case  of CO and C02 , the  u n i t s  of b a r .  cmg^p can be compared 
to  th o se  of gm.cm” 2 a s  f o l l o w s : -
QQ0 0 . -j bar.cmgrpp = 1 .2 7  x 10”  ^ gm*co cm”2
GO 1 bar.cm gTp = 1 .99  x 10” 3 gra. c0 cm~ 2
 ^ 2
Burch e t  a l  (18) have d e f in e d  an e f f e c t i v e  a b s o r b e r  c o n c e n t r a t i o n  
f o r  use a t  t e m p e r a tu re s  betw een 299 and 350K:-
Ue = u. exp El i 1 _ 1  \   (41)
b |299  T j
where li = a b s o r b e r  c o n c e n t r a t i o n  a t  299K.
and E 1 = en e rg y  o f  th e  low er l e v e l s  in v o lv e d  i n  th e
t r a n s i t i o n s  which produce th e  h o t  bands .
This a l lo w ed  t h e i r  e m p i r ic a l  e q u a t io n s ,  o f  t h e  f o rm :-
Ap = C o n s ta n t  x (u .P e 8-)^
where Ap = t o t a l  band a b so rb an c e ,  
to  be used  a t  e l e v a t e d  te m p e ra tu re s ,  p ro v id e d  u was r e p la c e d  
by ue .
ABSORPTION COEFFICIENT
For a  g a s ,  th e  e x t i n c t i o n  c o e f f i c i e n t  i s  c o n s id e r e d  to  be th e
p ro duc t o f an a b s o r p t io n  c o e f f i c i e n t ,  k \  , and th e  p a r t i a l  p r e s s u r e
of th e  g a s ,  p : -
KX (X) = k x (X).p   (42)
Hence, e q u a t io n  (32) can  be r e - w r i t t e n  a s : -
<XA= 1 — e x p £ -  kx (X).plT]   (43)
and 'Ox = exp Q -  kx (X ),p lT |   (4 4 )
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The a b s o r p t io n  c o e f f i c i e n t  u s u a l ly  shows s t r o n g  v a r i a t i o n s  w ith  
w avelength  and o f t e n  v a r i e s  s u b s t a n t i a l l y  w ith  t e m p e r a tu re s  and 
p r e s s u r e .  A n a ly t i c a l  d e te r m in a t io n s  of r e q u i r e  d e t a i l e d  
quantum m ech an ica l c a l c u l a t i o n s .  Except f o r  th e  s im p le s t  
monatomic and d ia to m ic  g a s e s ,  the  co m p lex ity  o f  t h e  c a l c u l a t i o n s  
has made t h i s  app roach  g e n e r a l l y  i m p r a c t i c a l .  As a  r e s u l t ,  much 
of th e  in f o r m a t io n  on th e  a b s o r p t io n  of th e rm a l  r a d i a t i o n  by 
g a se s ,  w h e th er  i n  th e  form of an a b s o r p t io n  c o e f f i c i e n t  o r 
o th e rw is e ,  i s  e i t h e r  e x p e r im e n ta l  d a ta  o r  d e r iv e d  by a  combina­
t i o n  of exp erim en t and a n a l y s i s .
E x p er im en ta l  m easurem ents of k \  a re  c o m p lica te d  by th e  l i m i t s  of 
r e s o l u t i o n  o f  th e  s p e c t r o m e te r s ,  and have been made f o r  o n ly  a 
ve ry  narrow  ran g e  o f  c o n d i t i o n s .  E m i s s i v i t i e s  and a b s o r p t i v i t i e s  
over w av e len g th  r e g io n s  c o n s i s t i n g  of many l i n e s ,  o r  over th e  
e n t i r e  sp e c tru m , a re  more f r e q u e n t l y  m easured .
3 .1 7  APPARENT ABSORPTION COEFFICIENT
In  m easu ring  th e  m onochrom atic a b s o r p t i v i t y  o f  a g a s ,  th e  
a b s o r p t i v i t y  i n d i c a t e d  depends on th e  bandpass  of th e  m easu ring  
in s t ru m e n t .  T h is  i s  b ecau se  m easuring  in s t r u m e n t s  must a lw ays 
have a b a n d -p a ss  (A V ) o f  f i n i t e  w id th  i n  o rd e r  t o  o b t a in  a 
f i n i t e  amount o f en e rg y  a t  t h e  d e t e c t o r .
With t h i s  r e s t r i c t i o n ,  t h e  a b s o r p t io n  m easured a t  th e  s e t  
f req u en cy  s? i s  a lw ays an a v e ra g e  of th e  r e a l  a b s o r p t io n  o ve r  
th e  i n t e r v a l  AN?. As su c h ,  th e  m agnitude o f  th e  m easured t r a n s ­
m is s i v i ty  z l  o r  a b s o r p t i v i t y  (X^,is dependent upon th e  w id th  o f  
th e  i n t e r v a l  A\?, and so G^or 0<4 cannot be r e p o r t e d  a s  a  f u n c t i o n  
o f  f re q u e n c y  u n le s s  th e  v a lu e  o f  AV i s  a l s o  s t a t e d .
The observed  t r a n s m i s s i v i t y ,  i s  th en  th e  f r a c t i o n  o f  energy  
t r a n s m i t t e d  i n  t h a t  f re q u e n c y  i n t e r v a l .  H ence: -
^ 4  = e x p ( - k v ' pL) ............  ( 45)
And th e  a p p a re n t  a b s o r p t io n  c o e f f i c i e n t  k ^  i s : -
k ^ '  = (pL )_l n (  1 / C© )..............................................................  (46)
kv ' w i l l  v a ry  w i th  p r e s s u r e ,  p , even when pL i s  h e ld  c o n s ta n t  
because  th e  n a tu r e  of th e  f u n c t i o n  k^= f(N?) depends on p r e s s u r e s  . 
(2 4 ) .
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I f  th e  a b s o r p t io n  l i n e s  a re  s u f f i c i e n t l y  wide t h a t  v a r i a t i o n s  
i n  a re  n o t  to o  g r e a t  w i th in  the  band pass  ( s p e c t r a l  s l i t w i d t h )  
of the  s p e c t r o m e te r ,  t h e n : -
J ln . 'C v j  . dv> *  j l n . ' c j .  dv>   (47)
3 .1 8  ABSORPTION BY RADIATING GAS
In  th e  case  o f  a beam of monochromatic r a d i a t i o n  p a s s in g  th ro u g h  
a r a d i a t i n g  l a y e r  of g a s ,  i f  c o n d i t io n s  a re  u n ifo rm  a lo n g  th e  
pa th  th en  th e  i n t e n s i t y  o f  r a d i a t i o n  l e a v in g  th e  l a y e r  i s  g iv en  
b y : -
I \L  = I ko- e x p ( - k XpL) + Ib x [ j - e x p ( - k x P l ) j |  ..............  (4 8 )
= i n c i d e n t  en erg y  t r a n s m i t t e d  th ro u g h  th e  g a s  + en ergy  
e m i t te d  by t h e  g a s .
where 1 ^  = i n t e n s i t y  of a  b la c k  s u r f a c e  a t  th e  same te m p e ra tu re  
as  the  g a s .
I f  th e  energ y  em erging  from a g as  sample c o n s i s t s  of b o th  e m i t te d  
and t r a n s m i t t e d  e n e rg y ,  i t  would n o rm ally  be im p o s s ib le  to  
i d e n t i f y  th e  so u rc e  of th e  e n e rg y .  However, t h i s  can be e a s i l y  
accom plished  by f r e q u e n t l y  i n t e r r u p t i n g  (chopp ing) th e  i n c i d e n t  
beam, I x 0 * t h i s  c a s e ,  th e  emerging beam from  t h e  gas c o n s i s t s
of a c o n tin u o u s  (e m is s io n )  beam em anating from  t h e  sam ple , and a 
chopped ( t r a n s m is s io n )  beam .from th e  i n i t i a l  r a d i a t i o n  s o u r c e .
By u s ing  a  d e t e c t i o n  system  t h a t  i s  " tuned"  to  th e  f re q u e n c y  o f  
the  c y c l ic  s i g n a l ,  y e t  i n s e n s i t i v e  to  th e  c o n t in u o u s  beam, th e  
t r a n s m i s s i v i t y  (and hence th e  a b s o r p t i v i t y )  of th e  g a s  can  be 
measured.
3-19 SPECTRAL LINE BROADENING-
As p r e v io u s ly  m en tio n ed , th e  t r a n s i t i o n  from one energ y  l e v e l  i n  
a m olecu le  t o  t h e  n e x t  r e s u l t s  i n  th e  a b s o r p t io n  o r  e m is s io n  of a 
’quantum of e n e rg y ,  h\?. C o n se q u e n tly ,  when a c e r t a i n  t r a n s i t i o n  
•o c c u rs ,  th e  t r a n s f e r r e d  en ergy  p o s s e s s e s  a  s i n g l e  f r e q u e n c y  and 
th e  t r a n s i t i o n  i s  r e p r e s e n te d  by a  s in g l e  l i n e  i n  t h e  i n f r a - r e d  
spectrum . O the r  e f f e c t s ,  however, cause th e  l i n e  to  be b roadened  
and c o n se q u e n t ly  have a f i n i t e  f req u en cy  span  around  th e  t r a n s i t i o n  
freq u en cy ,\>  . The e x te n t  o f t h e  f re q u e n c y  sp a n ,  and th e  v a r i a t i o n  
of th e  a b s o r p t io n  c o e f f i c i e n t  w i th in  i t ,  depends on th e  p h y s i c a l
mechanism c a u s in g  the  l i n e  b ro a d e n in g .  Some of the  more 
im p o rtan t  b roadening  mechanisms a r e : -
( i )  N a tu ra l  l i n e  b ro ad en in g  -  th e  i n e v i t a b l e  u n c e r t a i n t y  
i n  th e  energy  l e v e l s ,  due t o  th e  f i n i t e  n a t u r a l  l i f e - t i m e  in  
th e  e x c i te d  s t a t e .
( i i )  C o l l i s i o n  b ro ad en ing  -  th e  p e r t u r b a t i o n  of th e  energy  
l e v e l s  due to  c o l l i s i o n s  w i th  n e ig h b o u r in g  m o le cu le s .  This i s  
a ls o  known as p re s s u re  b ro ad en in g  (52) s in c e  the  e f f e c t  
i n c r e a s e s  w ith  p r e s s u r e .
( i i i )  D oppler b road en ing  -  a r i s e s  (47) from th e  frequency  
s h i f t  produced by th e  th e rm a l  m otion  of the  e m i t t in g  and 
a b so rb in g  s p e c ie s  r e l a t i v e  to  th e  d e t e c t o r .
For most e n g in e e r in g  c o n d i t i o n s  in v o lv in g  i n f r a - r e d  r a d i a t i o n ,  
c o l l i s i o n  b road en ing  i s  t h e  most im p o r ta n t ,  and th e  o th e r  l i n e -  % 
b roaden ing  mechanisms can u s u a l l y  be n e g le c te d .
,3 .2 0  LINE SHAPE
. W ith in  a  broadened s p e c t r a l  l i n e ,  th e  v a r i a t i o n  of th e  a b s o r p t io n
c o e f f i c i e n t  w ith  f req u en cy  i s  c a l l e d  th e  shape of th e  l i n e .  I f  
p o s i t i o n  i s  measured by f req u e n cy  or wavenumber, r a t h e r  th a n  
w aveleng th , l i n e  shape i s  sy m m etr ica l  about th e  l i n e  c e n t r e .
At l e a s t  two c o n s ta n t s  a r e  r e q u i r e d  >-to d e s c r ib e  l i n e  shape , 
th e  most in fo rm a t iv e  ones b e in g : -
( i )  The i n t e g r a t e d  a b s o r p t io n  c o e f f i c i e n t ,  S^, which i s  t h e  
a r e a  under an a b s o r p t io n  c o e f f i c i e n t  (k ^  ) v e r s u s  f req u en cy  (Y>) 
c u rv e .  This i s  b e t t e r  known a s  th e  l i n e  i n t e n s i t y : -
( i i )  The l i n e  h a l f - w i d t h ,  , which i s  h a l f  the  w id th  of th e  
k v v e rs u s  \? curve  a t  0 .5  ( k v ) max.
3.21 COLLISION BROADENING
The L oren tz  l i n e  shape g iv e s  a f a i r l y  s a t i s f a c t o r y  a p p ro x im a tio n  
of a b s o r p t io n  l i n e  sh ap es  f o r  th e  wide range  o f  p r e s s u r e s  where 
c o l l i s i o n  b roaden ing  i s  e n c o u n te r e d : -
(4 9 )
= s i = S i . f ( K  ,V > -V o) ( 50)
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where X>G = l i n e - c e n t r e  f r e q u e n c y ,  and
f  = L o ren tz  l in e - s h a p e  f a c t o r  (17 ) ,  
where J f (tf,V-V0)dV> = 1
In  most c a se s  th e  L o ren tz  shape i s  n o t  v a l i d  many h a l f - w id th s  
away from th e  l i n e - c e n t r e .  The d e te r m in a t io n  of th e  c o r r e c t  
l i n e  shape f a r  from th e  c e n t r e  i s  v e ry  c o m p lic a te d  and depends 
on th e  n a tu r e  of b o th  e m i t t in g  and c o l l i d i n g  m o le c u le s .  O ther 
l i n e  sh ap es  have been  proposed  f o r  t h e  f a r  w in g s , b u t  t h e s e  a re  
v a l i d  o n ly  i n  p a r t i c u l a r  s i t u a t i o n s .  This n o rm a lly  (17) t a k e s  
th e  form of a c o r r e c t i o n  f a c t o r  so t h a t : -
f  = V .x (v - v 0 ) / tt[ ( v - v0)2   (51)
where X(\?-Y>o) = c o r r e c t i o n  f a c t o r
R e s u l t s  i n d i c a t e  t h a t  n i t ro g e n -b ro a d e n e d  l i n e s  have q u i t e  
d i f f e r e n t  sh a p es  from  s e l f -b r o a d e n e d  l i n e s ,  i e . l i n e s  broadened 
by s i m i l a r  m o le c u le s ,  when (\?-V>0 ) i s  much g r e a t  t h a n ^  .
Due to  th e  c o m p lic a te d  n a tu r e  o f  c o r r e c t e d - s h a p e  f a c t o r s  i n  th e  
wings o f  a' l i n e , . th e  a b s o r p t i v i t y  c a l c u l a t e d  from  th e  L o ren tz  
l i n e  shape can be c o n s id e re d  a s  r e l i a b l e  a s  any o t h e r  u n t i l  th e  
wing l i n e  shape i s  b e t t e r  d e te rm in e d .
SPECTRAL LINE OVERLAP
The a b s o r p t io n  a t  any f req u e n cy  depends n o t  o n ly  on th e  sh a p e ,  
h a l f - w i d t h  and s t r e n g t h  of t h e  n e a r e s t  l i n e , b u t  i s  a l s o  in f lu e n ce d  
by th e  wings of th e  many l i n e s  on e i t h e r  s i d e .  Hence, where two 
o r  more s p e c t r a l  l i n e s  o v e r la p ,  to  o b t a in  th e  a c t u a l  a b s o r p t io n  
c o e f f i c i e n t  a t  any f re q u e n c y  i t  i s  n e c e s s a r y  to  sum th e  in f lu e n c e  
of many l i n e s  a s  f o l l o w s : -
k „ (v )  = X k v l  = t -------M -------=   (5 2 )
1 VX 1 TT (V-V0 )=- + t f 2- .
f o r  th e  L o re n tz  l i n e  sh a p e .  I t  i s ,  t h e r e f o r e ,  th e  sum of th e  
a b s o r p t io n  c o e f f i c i e n t s  o f  t h e  i n d i v i d u a l  l i n e s  a t  f re q u e n c y  V.
APPARENT LINE SHAPE
When a s p e c t r a l  l i n e  i s  obse rved  w ith  a  s p e c t r o m e te r ,  i t s  shape 
i s  d i s t o r t e d  by th e  in s t r u m e n t ,  th e  d i s t o r t i o n  b e in g  g r e a t e r  when
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th e  r e s o lv in g  power of th e  s p e c t r o m e te r  i s  p o o re r .  V arious 
methods hove been used to  a t t e m p t  to  c o r r e c t  f o r  such  d i s t o r t i o n .  
The developm ent of g r a t i n g  s p e c t r o m e te r s  has in c r e a s e d  the  a v a i l ­
a b le  r e s o l v in g  power so t h a t  th e  p o s s i b i l i t y  o f  d i r e c t l y  measuring 
th e  l i n e  h a l f - w i d t h s  and i n t e n s i t i e s  in  th e  i n f r a - r e d  has increased 
c o n s id e r a b ly .  Kostkowski e t .  a l .  (74) have i n v e s t i g a t e d  the  
i n t e n s i t y  and h a l f - w id th  of an  a b s o r p t io n  l i n e  a s  a fu n c t io n  of 
r e s o l v in g  power, l i n e  sh a p e ,  oeak a b s o r p t io n  and o v e r la p  of 
n e ig h b o u r in g  l i n e s .
.24 LINE HALF-WIDTH
The w id th  of a r o t a t i o n a l  a b s o r p t io n  l i n e  i s  d e te rm in e d  by th e  
n a t u r a l  w id th ,  D oppler b ro ad e n in g  and c o l l i s i o n  b ro ad e n in g .  In  
th e  i n f r a - r e d ,  th e  l a t t e r  e f f e c t  p red o m in a te s  even  a t  compara­
t i v e l y  low p r e s s u r e s .  In  c e r t a i n  c i r c u m s ta n c e s  a t  low p r e s s u r e s ,  
D oppler b ro ad e n in g  cannot be ig n o r e d ,  b u t  s in c e  i t  i s  in d ep en d en t 
o f p r e s s u r e  i t  can  be t r e a t e d  s e p a r a t e l y  from c o l l i s i o n  broadening.
The e x te n t  t o  which a l i n e  i s  b ro ad e n ed , and hence th e  h a l f - w id th  
f o r  a L o re n tz  l i n e ,  i s  dependen t on th e  mean c o l l i s i o n  f req u e n cy  
of a m o le c u le ,  which i s  i n  t u r n  dependen t on th e  te m p e ra tu re ,  
number d e n s i t y  and o p t i c a l  c o l l i s i o n  d ia m e te r s  of c o l l i d i n g  
m o le c u le s .  Hence: -
*6= f  c / 2IT = 1 /2  TTt ( 53)
where f c  = c o l l i s i o n  f r e q u e n c y ,  and
t  = av e rag e  tim e be tw een  c o l l i s i o n s .
An ap p ro x im a te  v a lu e  f o r  th e  l i n e  h a l f - w i d t h  can be found from
k i n e t i c  th e o r y :
= 4 i r U 2 P [
( M .b .T g
( 54)
where D and M = d ia m e te r  and mass o f  m o le c u le ,  r e s p e c t i v e l y  
and P = gas p re s s u r e  f o r  a  p u re  g as .
I f  th e  c o l l i s i o n  c r o s s - s e c t i o n  i s  c o n s t a n t  f o r  each  l i n e : -
(55)
where = h a l f  w id th  a t  s t a n d a r d  c o n d i t i o n s  i e .  Po = 1 b a r  
arid To = 273K. I n  f a c t  t h i s  c o n s ta n t  c r o s s - s e c t i o n
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a p p ro x im a tio n  has been no ted  (131 ) to  f a i l  f o r  00^ and f o r  CO.
The t r e a tm e n t  o f  c o l l i s i o n  b ro ad e n in g  has been  g r e a t l y  s i m p l i f i e d  
For example, th e  b ro a d e n in g  of th e  l i n e s  i s  known to  be d ep en d en t  
on th e  n a tu r e  o f  t h e  c o l l i d i n g  s p e c i e s .  I f  th e  gas c o n s i s t s  of 
more th an  one component, th en  c o l l i s i o n  b ro ad e n in g  in  t h e  a b s o r b ­
in g  gas i s  caused  by c o l l i s i o n s  w ith  l i k e  m o le cu le s  ( s e l f ­
b roaden ing ) and w i th  o t h e r  s p e c i e s  ( f o r e ig n  b r o a d e n in g ) . Both 
c o l l i s i o n  p r o c e s s e s  must be in c lu d e d  i n  c a l c u l a t i n g  l i n e  s h a p e s .  
In  t h i s  case  th e  p r e s s u r e ,  P, used  t o  c h a r a c t e r i s e  th e  p r e s s u r e  
dependence sh o u ld  be r e p l a c e d  (123) by an e f f e c t i v e  b ro a d e n in g  
p r e s s u r e ,  Pg ; see  s e c t i o n  3 .3 3 .
(23)
Thus, i n  th e  case  of a gas  m ix t u r e : -
< ■ g t f  '  <«>
where Pe = B«Pa + 2 - ^ j P j  ( s e e  s e c t i o n  3 .3 3 ) .
3
ABSORPTION QR EMISSION BY A SPECTRAL LINE
From e q u a t io n s  (2 2 ) ,  (23) and (4 3 ) ,  th e  t o t a l  energy  ab so rb ed  
by or e m it te d  from a  s i n g l e  b ro a d e n e d . l i n e  i s  ( i n  u n i t s  o f 
f r e q u e n c y ) : -
'CO
E = J 0 Eb^ Ql -  exp ( - k ^ p L ) ]  .d\? '   (57)
Here the  c o n t r i b u t i o n  o f  th e  l i n e  from a l l  p a r t s  of t h e  sp ec tru m  
i s  ta k e n  i n t o  a c c o u n t .  I n  f a c t ,  t h e  l i n e  a b s o r p t io n  c o e f f i c i e n t  
w i l l  be e s s e n t i a l l y  z e ro  e x c e p t  i n  a  narrow  f re q u e n c y  r a n g e ,A V ,  
su rro u n d in g  th e  l i n e  c e n t r e .  Hence, E -^  i s  e f f e c t i v e l y  c o n s ta n t  
th roug hou t AN).
E/Ebv = j j j  -  exp ( - k ^ p L ) ]  ,d\? = Wi ............  (58)
AV
The in te g r a n d  i s ,  c a l l e d  th e  e q u iv a le n t  l i n e  w id th ,  Wi, and 
r e p r e s e n t s  p h y s i c a l l y  th e  w id th  of a r e c t a n g u l a r l y - s h a p e d  l i n e ,  
whose c e n t r e  i s  t o t a l l y  a b s o rb e d ,  hav ing  th e  same a b s o r p t io n  
a r e a  as  t h a t  of t h e  a c t u a l  l i n e .
S u b s t i t u t i o n  f o r  k v from  e q u a t io n  (50) i n t o  e q u a t io n  ( 5 8 ) ,  
fo llow ed  by i n t e g r a t i o n ,  g i v e s  th e  e q u iv a le n t  l i n e  w id th  of a
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L o re n tz ia n  l i n e : -
— 2TT X . f ( x )    (59)
where f ( x )  = x . exp ( -x )  Q j o ( i x )  -  i J , ( i x ) ^ j  ,
x = SipL/2TT ^  , and
J n = B e sse l  f u n c t io n  of o r d e r .
This e q u a t io n  was d e r iv e d  by Ladenburg and R eiche  (77 ) f o r  th e  
c o n d i t io n  where l i t t l e  or no o v e r la p  o f  i n d i v i d u a l  l i n e s  o c c u rs .  
(Reiche (109) has su b s e q u e n t ly  i n v e s t i g a t e d  t h e  case  o f  two e q u a l  
o v e r la p p in g  l i n e s ,  b u t  t h i s  i s  on ly  v a l i d  when th e  two l i n e s  
have i d e n t i c a l  h a l f - w i d t h s  and i n t e n s i t i e s ) .  For c o n v en ien ce ,  
th e  v a lu e s  of f ( x )  have been t a b u l a t e d  by K ap lan  and Eggers (73) 
f o r  0 < x < 5 0 .
Simple a sy m p to t ic  fo rm s of e q u a t io n  (59) can be used  f o r  a
s in g le  l i n e  u n d e r  c e r t a i n  c o n d i t i o n s .  F o r  weak l i n e s  ( x « 1 ' ) : -
Wl = Sx.pL =   (60)
and f o r  s t r o n g  l i n e s  ( x > ^ 1 ) : -
¥1  = 2(S1 .pL . '£  )* = 2Trtf(2x/TT)* .......  (61 )
These a r e  som etim es known a s  th e  l i n e a r  and sq u a re  r o o t  r e g i o n s ,  
r e s p e c t i v e l y .  At th e  l i n e  c e n t r e  ( v  = \?o)> = S i / l T Y  and s o : -
x = i  k ^ .pL  = 4- x o p t i c a l  t h i c k n e s s .
The two a sy m p to tic ,  reg im es  a r e  th u s  c h a r a c t e r i s e d  by th e  
r a d i a t i o n  i n t e n s i t y  a t  th e  l i n e  c e n t r e .  T his l e a d s  to  t h e  two 
reg im es  b e in g  r e f e r r e d  to  a s  th e  " w e a k - l in e "  and " s t r o n g - l i n e "  
a p p ro x im a t io n s ,  r e s p e c t i v e l y .
For p r a c t i c a l  p u rp o s e s ,  a  s im p le  fo rm u la  can be used  f o r  e q u a t io n  
( 5 9 ) : -
W1  = (2-TrV )(2x/tr  f t  [1 -  exp L - ^ T rx) TD ]  ............  ( 62)
T his r e d u c e s  to  th e  a s y m p to t ic  form s a t  th e  l i m i t s ,  b u t  a l s o  
a g re e s  w e l l  w i th  t h e  e x a c t  fo rm u la  f o r  th e  whole ran g e  of x .
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3 . 2 6  MEASUREMENT OF LINE IN T E N SIT IE S AND LINE HALF-WIDTHS
Because of f i n i t e  r e s o l v in g  power, i t  i s  no t s im p le  to  
de te rm in e  th e  t h r e e  in te r ~ r e 3 .a te d  p a ra m e te rs  o f  l i n e  i n t e n s i t y ,  
shape and w id th .  I t  i s  custom ary  to  make assu m p tio n s  c o n c e rn in g  
some of t h e s e  p r o p e r t i e s  t o  d e te rm in e  t h e  o t h e r s .  For exam ple , 
i t  i s  o f t e n  assumed t h a t  a l l  t h e  l i n e s  i n  a v i b r a t i o n - r o t a t i o n  
band have th e  c l a s s i c a l  L o re n tz  shape and e q u a l  l i n e  w id th s  
in d ep en d en t o f  th e  r o t a t i o n a l  quantum number. With such  
a ssu m p tio n s  i t  i s  p o s s i b l e ,  i n  some c a s e s ,  t o  deduce th e  w id th  
and i n t e n s i t y  p a ra m e te rs  from  th e  a p p a re n t  a b s o r p t io n ,  o b se rved  
w ith  a l o w - r e s o lu t i o n  s p e c t r o m e te r ,  a s  a f u n c t i o n  of p r e s s u r e  
and p a t h l e n g t h .
While r e c o u r s e  to  such  m ethods has  som etim es been used b ecau se  
o f  la c k  o f  b e t t e r  d a t a ,  t h e  r e l i a b i l i t y  of r e s u l t s  o b ta in e d  on 
th e  b a s i s  of th e s e  a ssu m p tio n s  i s  open to  q u e s t io n .  I t  seems 
p ro b a b le ,  t h e o r e t i c a l l y  and e x p e r im e n ta l ly ,  t h a t  d e v ia t i o n s  from  
L o ren tz  shape o c c u r ,  e s p e c i a l l y  i n  th e  d i s t a n t  w ings of a  l i n e ,  
where shape i s  governed  by th e  s p e c t r a l  i n t e r m o l e c u l a r  f o r c e s  
o p e ra t in g ,  d u r in g  c o l l i s i o n .  The i n t e r m o l e c u l a r  f o r c e s  a l s o  g iv e  
r i s e  to  d i f f e r e n t  w id th s  f o r  l i n e s  in v o lv in g  d i f f e r e n t  r o t a t i o n a l  
s t a t e s ,  This e f f e c t ,  which h a s  been  p a r t i a l l y  e x p la in e d  by some 
t h e o r i e s  o f l i n e  b ro a d e n in g ,  can  be q u i t e  l a r g e .
To c a l c u l a t e  l i n e  i n t e n s i t i e s  from th e o r y  and a knowledge o f  t o t a l  
band s t r e n g t h ,  t h e  a p p ro x im a te  n a tu r e  of th e  b e s t  a v a i l a b l e  theories 
i n t r o d u c e s  an u n c e r t a i n t y .  A lso ,  to  m easure band s t r e n g t h  by a  
p r e s s u r e  b ro ad e n in g  te c h n iq u e  u s u a l l y  assum es t h a t  band s t r e n g t h  
i s  in d e p e n d en t  o f  p r e s s u r e .  T h is  i s  a  f a i r  a p p ro x im a tio n  i n  
n o n -p o la r  m o le c u le s ,  b u t  f o r  p o l a r  m o le cu le s  a t  h ig h  p r e s s u r e s  
th e  band s t r e n g t h  i s  g r o s s l y  p e r tu r b e d .  T h e re fo re  i t  i s  d e s i r a b l e  ' 
t o  measure a b s o r p t io n  i n t e n s i t i e s  a t  low d e n s i t i e s  i n  such  a 
manner t h a t  i t  i s  p o s s ib l e  to  d e te rm in e  in d e p e n d e n t ly  t h e  *
i n t e n s i t y ,  shape and w id th  of each  i n d i v i d u a l  l i n e  and th e  
v a r i a t i o n  of t h e s e  q u a n t i t i e s  w i th  r o t a t i o n a l  number, t e m p e ra tu re  
and p r e s s u r e .
The i d e a l  method of making in d ep e n d en t  d e te r m in a t io n s  of t h e  \ j
i n t e n s i t y ,  shape  and w id th  of a  l i n e  would be t o  employ a J
s p e c t ro m e te r  o f  s u f f i c i e n t l y  h ig h  r e s o l v i n g  power so t h a t  t h e
t r u e  shape of th e  l i n e  cou ld  be obse rved  d i r e c t l y .  >'
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3 .2 7  SPECTRAL BAND ABSORPTION
A v i b r a t i o n - r o t a t i o n  a b s o r p t io n  band c o n s i s t s  of g ro u p s  of v e ry  
c lo s e ly - s p a c e d  s p e c t r a l  l i n e s .  The a b s o r p t io n  l i n e s  may o v e r la p  
a s  a consequence  o f  b ro a d e n in g  and merge to  form a c o n tin u o u s  
band, b e in g  s e p a r a te d  from  o th e r  bands by s p e c t r a l  r e g io n s  t h a t  
a re  n e a r ly  t r a n s p a r e n t .
The many r a p i d  v a r i a t i o n s  o f  th e  a b s o r p t io n  c o e f f i c i e n t  i n  a 
band w i th  r e s p e c t  t o  f re q u e n c y  make i t  e x tre m e ly  d i f f i c u l t  to  
c a l c u l a t e  band a b s o r p t i v i t y  even w i th  co m p u te rs .  While n e a r l y -  
e x a c t  n u m e r ic a l  c a l c u l a t i o n s  have been made f o r  some s i n g l e ­
s t r u c t u r e d  b an d s ,  n o ta b ly  by Malkmus (8 5 ) ,  t h i s  ty p e  of c a l c u l a t i o n  
s t i l l  s u f f e r s  from  th e  trem endous co m p lex ity  in v o lv e d  and i t s  
l i m i t a t i o n  to  s im ple  b an d s .
W ith in  a  sm a l l  f r e q u e n c y  ran g e  i n  th e  band, how ever, s p e c t r a l  
a b s o r p t i v i t y  can be r e p r e s e n t e d  w ith  r e a s o n a b le  a c c u ra c y  by 
t h e o r e t i c a l  m odels . These m odels a re  c a l l e d  narrow -band  models 
o r  s im ply  band m odels . They a r e  u s e f u l  not o n ly  f o r  c a l c u l a t i n g  
th e  mean s p e c t r a l  a b s o r p t i v i t y  i n  a band, b u t  a l s o  f o r  c o r r e l a t i n g
th e  e x p e r im e n ta l  d a t a  o b ta in e d  from l o w - r e s o lu t i o n  s p e c t r o m e te r s .
To c a l c u l a t e  band a b s o r p t i v i t y ,  however, f u r t h e r  a p p ro x im a t io n s  
a re  needed t o  i n d i c a t e  th e  f re q u e n c y  dependence  o f  t h e  mean 
s p e c t r a l  a b s o r p t i v i t y  th ro u g h  th e  v a r i a t i o n s  o f  mean l i n e  in te n s i ty ,  
h a l f - w i d t h  and l i n e  s p a c in g .  These a p p ro x im a t io n s ,  i n  c o n t r a s t  
to  th e  n a rrow  band m odels , a r e  o f t e n  c a l l e d  th e  w ide-band  m odels . 
F u r th e r  d e t a i l s  of th e  m ajo r  band models a r e  p r e s e n te d  i n  
Appendix I .
3 .2 8  TOTAL BAND ABSORPTANCE
a! ■ One p o s s ib l e  app ro ach  to  c o r r e l a t i n g  s p e c t r a l  d a t a  i s  t o  examine
th e  a b s o r p t io n  of each  band s e p a r a t e l y  and d e v e lo p  e m p i r ic a l  
e x p re s s io n s  t o  d e s c r ib e  t h e i r  b e h a v io u r .  I f  t h e  a b s o rp ta n c e  of 
an i n d i v i d u a l  band can be c o r r e l a t e d  i n  te rm s  o f  p r e s s u r e ,  tem pera ­
t u r e  and th e  p a th i e n g th . t h r o u g h  th e  g a s ,  th e n  energ y  in te r c h a n g e  
methods can be a p p l i e d  on a  band-by-band  b a s i s  t o  compute t h e  t o t a l  
energy t r a n s f e r ,  th ro u g h  a r e a l  g a s .
An a n a l y s i s  s i m i l a r  to  t h a t  f o r  a  s i n g l e  l i n e  g iv e s  th e  gas 
em iss io n  or a b s o r p t i o n  o ve r  a f re q u e n c y  re g io n ,A V  , c o r re sp o n d in g
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to  ;".r) e n t i r e  v i b r a t i o n - r o t n t . i  on bond as
(63)
where the i n t e g r a l  in  c a r r i e d  out o ver  th e  band l i m i t s  \>{ and 
, beyond which o n ly  a n e g l i g i b l e  f r a c t i o n  of the  t o t a l  
a b so rp ta n c e  o c c u rs .  The w id th  of t h i s  i n t e r v a l  A\? w i l l  
i n c r e a s e  s lo w ly  w i th  a b s o r b e r  c o n c e n t r a t i o n  as a r e s u l t  of 
p r o p o r t io n a te ly  more a b s o r p t i o n  t a k in g  p la c e  in  th e  wings of th e  
b and .
I f  A V  i s  sm a ll  i t  i s  p e r m i s s ib l e  to  use  an average  v a lu e  f o r  .
An e q u iv a le n t  band w id th ,  b e t t e r  known as th e  band a b s o rp ta n c e  
and analogous to  e q u iv a le n t  l i n e w i d t h ,  i s  t h e r e f o r e
I t  can be seen  from e q u a t io n s  (58) and (64) t h a t  A-g i s  t h e  sum 
of th e  e q u iv a le n t  l i n e  w id th s  f o r  a l l  th e  s p e c t r a l  l i n e s  t h a t  
occupy th e  band, i f  a l l  th e  l i n e s  a r e  in d ep en d en t of each  o t h e r .  
G e n e ra l ly ,  t h e  s p e c t r a l  l i n e s  o v e r la p  and c o n se a u e n t lv  each  l i n e  
does not ab so rb  as  much en ergy  a s  i f  i t  a c t e d  in d e p e n d e n t ly  of 
a d ja c e n t  l i n e s .
Hence the  a b s o r p t io n  c o e f f i c i e n t ,  k v , i s  a  com p lica ted  i r r e g u l a r  
f u n c t io n  of freq u en cy  which makes th e  a n a l y t i c a l  e v a lu a t i o n  of A-g 
d i f f i c u l t  m a th e m a t ic a l ly .  F u r th e rm o re ,  t h e  d e t a i l e d  shape of a l l  
th e  broadened l i n e s  would be r e q u i r e d  f o r  such  an a n a l y s i s .
3 .2 9  EMPIRICAL DETERMINATION OF BAND AB80RPTANCE
Once th e  l i n e  s t r u c t u r e  o f  t h e  b a n d '. is  s p e c i f i e d ,  th e  e f f e c t i v e  
b an d -w id th , Ajj, can be c a l c u l a t e d  from  e q u a t io n  ( 64) .  A^ w i l l  
depend on l i n e  s p a c in g ,  l i n e  h a l f - w i d t h  and th e  l i n e  i n t e n s i t y ,  
a s  w e l l  a s  o th e r  q u a n t i t i e s  when t h e  random s t a t i s t i c a l  model i s  
used (see  Appendix I ) .
To u t i l i s e  th e s e  a n a l y t i c a l  r e s u l t s  f o r  r a d i a t i v e  c a l c u l a t i o n s  
in v o lv in g  a r e a l  gas m ix tu r e ,  i t  i s  n e c e s s a r y  to  know how a l l  t h e s e  
f a c t o r s  a re  in f lu e n c e d  by c o n d i t i o n s  such a s  gas t e m p e r a tu r e ,  t h e  
p a r t i a l  p r e s s u r e  of the  a b s o rb in g  g a s ,  and th e  t o t a l  p r e s s u r e  of 
th e  gas m ix tu re .  A lth o u g h  t h e  g e n e r a l  te m p e ra tu re  dependence of 
th e  i n d iv i d u a l  l i n e  i n t e n s i t i e s  and sh a p es  i s  known (1B2) , t h e  
e f f e c t  o f te m p e ra tu re  on t h e  t o t a l  a b s o rp ta n c e  of a band i s  o f t e n
(64)
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d i f f i c u l t  t o  p r e d i c t  b ecau se  of th e  l i n e  o v e r la p p in g  which can 
o c cu r .  S im i la r  problem s a r i s e  when th e  e f f e c t s  of p r e s s u r e  o r  
a b so rb e r  c o n c e n t r a t i o n  on band a b so rp ta n c e  a re  i n v e s t i g a t e d .
Examining th e  b e h a v io u r  o f  AB f o r  th e  l i m i t i n g  c a s e s  of weak and 
s t ro n g  a b s o r p t io n  p ro v id e s  some l i m i t s  on which to  b a se  band 
c o r r e l a t i o n s .  For a s i n g l e  s p e c t r a l  l i n e  of L o re n tz  sh a p e ,  i t  
was found i n  e q u a t io n  (60) f o r  a weak l i n e  and i n  e q u a t io n  (61 ) 
f o r  a  s t r o n g  l i n e  t h a t  th e  e q u iv a le n t  l i n e  w id th  v a r i e d  r e s p e c ­
t i v e l y  a s  a l i n e a r  and a s  a  sq u a re  r o o t  f u n c t i o n  of th e  p ro d u c t  
o f  pL and l i n e  i n t e n s i t y ,  Sj_- I f  i t  i s  assum ed, a s  a  f i r s t  
a p p ro x im a t io n ,  t h a t  w i t h i n  a  band th e  e f f e c t  of l i n e  o v e r la p  i s  
s m a l l ,  th e n  t h e s e  t r e n d s  would a l s o  ap p ly  to  t h e  e f f e c t i v e  
bandw idth  and can be u se d  a s  a  b a s i s  f o r  a f i r s t  a p p ro x im a t io n  
i n  th e  c o r r e l a t i o n  o f  e x p e r im e n ta l  d a ta .  Thus f o r  a  band of 
weak l i n e s : -
  (65)
  ( 66 )
  (67)
3 .3 0  WEAK BAND
For a  weak band , k vpL 1 th ro u g h o u t  t h e  e n t i r e  band and so 
e q u a t io n  ( 64) becom es: -
kv pL.d\) ~  pl». S30O U .S 3   (68)
T h is  c o n firm s  e q u a t io n  ( 6 5 ) ,  and i s  a p p l i c a b le  where pL i s  sm a l l  
and th e  e q u iv a le n t  p r e s s u r e ,  Pj), i s  s u f f i c i e n t l y  s m a l l  so  t h a t  
k v i s  s m a l l  a t  t h e  c e n t r e s  o f  th e  r o t a t i o n a l  l i n e s .  Under t h e s e  
c o n d i t io n s  t h e  l i n q s  a r e  c o m p le te ly  broadened  and Ag i s  p ro p o r ­
t i o n a l  t o  pL b u t  in d e p e n d e n t  of Pjj.
3-31 STRONG BAND
At c o n s ta n t  t e m p e r a tu r e ,  l i n e  h a l f - w i d t h  ^  i s  p r o p o r t i o n a l  t o  P-g 
and, s in c e  band i n t e n s i t y  S-g i s  o n ly  dependent on t e m p e r a tu r e ,  
e q u a t io n  (66) b eco m es:-
Ab “J
%  oco S35.pL 
and f o r  a  s t r o n g  c o l l i s i o n - b r o a d e n e d  band: 
%  OjL> (SBtfp L )*
where Sg = j" kv . d\? = hand, i n t e n s i t y
band
5 5 ; ;
*■ i
i ;
(69) '!
F o r  v e ry  s t r o n g  band a b s o r p t io n  and many s t r o n g  o v e r la p p in g  
l i n e s ,  t h i s  p r o p o r t i o n a l i t y  does n o t  h o ld .  I t  i s  e v id e n t  t h a t ,  
w i th  i n c r e a s in g  p r e s s u r e  and a b s o r b e r  c o n c e n t r a t i o n ,  th e  c e n t r e  
of th e  band becomes co m p le te ly  a b so rb ed  and any  i n c r e a s e  i n  Ag 
i s  a s  a  r e s u l t  o f changes i n  t h e  a b s o r p t io n  i n  th e  wings o f  th e  
bands. Burch (23) i n d i c a t e s  t h a t  when s p e c t r a l  a b so rp ta n c e  i s  
v i r t u a l l y  com plete  n e a r  th e  l i n e  c e n t r e s  o f  th e  band th e  f u n c t io n  
Ag = f(P^j.pL) i s  v a l i d  even when th e  l i n e s  o v e r l a p .  There i s  some 
j u s t i f i c a t i o n  f o r  t a k in g  th e  dependence of Ag on PE and pL t o  be 
o f  th e  fo rm :-
Ab °6  I n  (PE .p L )Q G ln  (u .P E) ............  (70)
a s  d i s c u s s e d  by Edwards & Menard (3 3 ) ,  o r t o  b e : -
AB o<^  ( PL )a PBb o O  u a .PBb.........................................................  (71 )
f o r  c o n s ta n t  te m p e ra tu re  ( 1 8 ,3 0 ) ,  where a  ^  0 .5  and b <  0 .5 .
32 STRONG BANDS WITH WEAK LINES
T h e o r e t i c a l  work (107) based  on th e  E l s a s s e r  and s t a t i s t i c a l  
models (Appendix I )  has  shown t h a t  r e g io n s  a lw ays e x i s t  where 
th e  s t r o n g  and weak l i n e  a p p ro x im a t io n s  a re  v a l i d ,  p ro v id ed  t h a t  
th e  i n t e n s i t y  d i s t r i b u t i o n  o f  th e  s p e c t r a l  l i n e s  can  be re p re s e n te d  
by c e r t a i n  e x p re s s io n s .  E x p e r im e n ta l  work h a s  shown (107), however, 
t h a t  t h e  r e g io n  o f  v a l i d i t y  of th e  s t r o n g  l i n e  a p p ro x im a tio n  i s  
o f t e n  much more r e s t r i c t e d  th a n  i s  c a l c u l a t e d  from  th e  assumed 
i n t e n s i t y  d i s t r i b u t i o n s .
Burch and W illiam s (21) concluded  t h a t  t h e i r  m easurem ents show 
t h a t  th e  weak l i n e  a p p ro x im a t io n  i s  a c t u a l l y  r e a l i s e d ,  w h ile  t h e  
s t r o n g  l i n e  a p p ro x im a tio n  i s  o n ly  v a l i d  n e a r  s a t u r a t i o n .  T h is  i s  
a t t r i b u t e d  to  th e  p re se n c e  of l i n e s  of s u f f i c i e n t  low i n t e n s i t y  
so t h a t  th e  weak l i n e  a p p ro x im a tio n  i s  s a t i s f i e d  even f o r  l a r g e  
a b s o rb e r  c o n c e n t r a t i o n s .  The same c o n c lu s io n s  were o b ta in e d  (^q ) 
i n  th e  f o r m u la t io n  o f  t r a n s m i t t a n c e  t a b l e s  f o r  H20 and 002 u s in g  
th e  s o - c a l l e d  q u as i-ran d o m  m odel. P a r t i c u l a r l y  i n  th e  s t r o n g - l i n e  
r e g io n ,  t h e s e  l o w - i n t e n s i t y  l i n e s  can  make an im p o r ta n t  c o n t r ib u ­
t i o n  to  a b s o r p t io n .  The l i n e s  a r i s e  e i t h e r  from  numerous t r a n s i ­
t i o n s  of low p r o b a b i l i t y  which a lw ays o c c u r ,  o r  from s p e c t r a l  l i n e s  
of r a r e r  i s o t o p e s .  The e f f e c t  o f  t h e s e  l o w - i n t e n s i t y  l i n e s  on th e
Ajjtxl/ (P j,. p l i f i  OC/(u .P jjR  
f o r ' a  band c o n s i s t i n g  of n o n -o v e r la p p in g  l i n e s .
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re g io n s  of v a l i d i t y  of s t r o n g  and weak l i n e  a p p ro x im a tio n s  and 
on the  shape of a b s o rp ta n c e  c u rv e s  has been i n v e s t i g a t e d  by 
P la s s  (107).
33 EQUIVALENT BROADENING PRESSURE
(4,20)
From th e  k i n e t i c  t h e o r y ,  c o l l i s i o n  f requen cy  f c  i s  g iv en  b y : -  
f c  = Z  Nj Vj Da j    ( 7 2 )
j
where Vj = (2 b T /jd a j)^ ‘ ^ = mean r e l a t i v e  speed  of m o le c u le s ,
^Jaj = red u ced  mass o f  c o l l i d i n g  p a i r  o f m o lecu les
Nj = number o f  m o le c u le s  o f  ty p e  j  p e r  u n i t  volume
Daj = sum o f  o p t i c a l  c o l l i s i o n  d ia m e te r s  o f o b so rb in g  
m olecu le  and m o le cu le  o f  ty p e  j
Hence: f c  = 0 .5  Z ,  N;JD2a;j [~ 2tt bT (Ma“ 1 + Mj“ 1 )1
J .»
0 . 5
0 . 5
Ma = mass o f  m o le cu le  o f  a b so rb in g  s p e c ie s  
Mj = mass o f  m o lecu le  o f  ty p e  j
Line h a l f - w i d t h , f c / 2 T T . Hence f o r  a b in a ry  m i x t u r e : -
X = (4TT)“ 1 (2T rbT )0 *5 [Na Daa2 (2/M a)0#5 + NbD ab(MaH +Mb” 1 )1
  (74)
where s u b s c r i p t s  a  and b r e f e r  to  the  a b so rb in g  and b ro a d e n in g  
m o le cu le s ,  r e s p e c t i v e l y .
= (4TT)-1 ( 2-TT/bT)0'5 (Caapa + Cab Pb) ............  (75)
where Caa and Gab a r e  c o n s t a n t s  in v o lv in g  th e  m asses and o p t i c a l  
c o l l i s i o n  d ia m e te r s  of a b s o r b in g  and b ro ad en ing  g a s e s .
The s e l f -b r o a d e n in g  c o e f f i c i e n t ,  B, o f  th e  a b so rb in g  gas  i s  d e f in e d  
as  th e  r a t i o  o f  th e  s e l f - b r o a d e n i n g  a b i l i t y  o f  th e  a b s o r b in g  gas 
to  th e  b ro ad en in g  a b i l i t y  o f  th e  b roaden in g  g a s ,  i e .  B = Caa/Cab.
T hen :-
0 5 .
y  = (4 'n -)-1 (2-rr/bT) ' Cab [ p  + (B -1) p a j  ............  (76)
where P = pa + pb
The e x p re s s io n  P + ( B - l ) p a  o r  (p b + Bpa) i s  te rm ed  th e  e q u iv a le n t  
p r e s s u r e ,  Pg. E q u a t io n  (76) i s  n o t  a p p l i c a b l e  to  e x tre m e ly  low  
p r e s s u r e s ,  where n a t u r a l  l i n e - w i d t h s  and D oppler b ro a d e n in g  a r e  
dom inant, o r t o  e x tre m e ly  h ig h  p r e s s u r e s ,  where a b s o r p t i o n  d u r in g  
c o l l i s i o n  o r  " c lo s e  a p p ro ach "  l e a d s  t o  S t a r t  e f f e c t s  and asymme­
t r i c a l  p r e s s u r e  s h i f t s .  I t  d oes  ap p ly  to  l i n e s  whose w id th s  a re
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d e te rm in ed  m a in ly  by c o l l i s i o n  b ro a d e n in g .
5*34 SELF-BROADENING COEFFICIENT
Although in t r o d u c e d  i n  c o n n e c t io n  w i th  L o re n tz  l i n e s ,  th e  s e l f ­
b ro ad en in g  c o e f f i c i e n t ,  B, i s  in d ep e n d en t  o f l i n e  shape and 
sp a c in g ,  and i s  t h e r e f o r e  a p p l i c a b le  to  a b s o r p t i o n  bands 
c o n s i s t i n g  of weak o r  s t r o n g  l i n e s  and o v e r la p p in g  or non­
o v e r la p p in g  l i n e s .
The v a lu e  o f  th e  c o e f f i c i e n t  can be d e te rm in e d  f o r  an e n t i r e  
band by m ea su r in g  th e  t o t a l  band a b s o rp ta n c e  f o r  a known c o n cen t­
r a t i o n  o f  a b s o rb in g  gas i n  two t e s t  c e l l s  o f  d i f f e r i n g  l e n g t h  (se e  
S e c t io n  6 ) .  The b ro ad en in g  gas i s  u s u a l l y  n i t r o g e n ,  so t h i s  i s  
used  a s  th e  s t a n d a r d  r e f e r e n c e  gas  when th e  b ro ad e n in g  e f f e c t s  o f  
o th e r  i n e r t  g a s e s  a re  i n v e s t i g a t e d .  I n  t h e s e  c a s e s
PB = B .pa  + H F j p b j  
j
= B .pa  + F .p b  f o r  a  b in a r y  m ix tu re
where B = r a t i o  o f  th e  l in e - b r o a d e n in g  a b i l i t y  of t h e  a b so rb in g
gas  t o  th e  l in e - b r o a d e n in g  a b i l i t y  o f  n i t r o g e n
F = r a t i o  o f  th e  l in e - b r o a d e n in g  a b i l i t y  o f  th e  b ro ad en in g
gas t o  th e  l in e - b r o a d e n in g  a b i l i t y  of n i t r o g e n ;
known a s  th e  f o r e ig n - b r o a d e n in g  c o e f f i c i e n t .
The v a lu e  of B v a r i e s  th ro u g h o u t  th e  band ( 4 ,1 4 2 ) ,  b u t  s in c e  t o t a l  
band a b s o r p t io n  i s  u s u a l l y  o f  g r e a t e r  i n t e r e s t  th a n  s p e c t r a l  
a b s o r p t io n ,  i t  i s  norm al to  d e te rm in e  o n ly  th e  nom inal v a lu e  of 
th e  c o e f f i c i e n t  f o r  an e n t i r e  band.
3*34.1 Carbon Monoxide
The d i p o l e  moment of 00 i s  so sm a ll  t h a t  d i p o l e - d i p o l e  and 
d ip o le -q u a d r o p o le  i n t e r a c t i o n s  a r e  n o t  to o  im p o r ta n t  i n  th e  s e l f ­
b ro ad e n in g  of CO l i n e s .  As su c h ,  n i t r o g e n  i s  a lm o s t  a s  e f f e c t i v e  
a s  CO i n  b ro a d e n in g  th e s e  l i n e s ,  i e .  th e  w id th s  o f  CO l i n e s  a r e  
v e ry  s i m i l a r  w h e th e r  broadened  by n i t r o g e n  o r  s e l f - b r o a d e n e d  w ith  
CO. Burch (22) found t h a t  th e  s e l f - b r o a d e n i n g  c o e f f i c i e n t ,
■ B ts 1 .02  f o r  th e  fu n d am en ta l  (4*7 ^im) band o f  00 , and B = 1 . 0 8
f o r  th e  f i r s t  o v e r to n e  (2 .3 5  p&) band . Chai (142) m easured the  
v a lu e  of B a t  1 .0 5  1 0 .02  f o r  t h e  fu n d am en ta l  band . F u r th e rm o re ,  
i t  was found t h a t  th e  v a lu e  o f  B v a r i e d  l i t t l e  f o r  a l l  th e  
r o t a t i o n a l  l i n e s  s t u d i e d .  This i n d i c a t e d  t h a t  th e  c o e f f i c i e n t  
f o r  CO do es  n o t  depend on th e  r o t a t i o n a l  s t a t e s  in v o lv e d .
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In  a t h e o r e t i c a l  s tu d y ,  P l a s s  (103) showed t h a t  th e  v a lu e  o f  B 
was u n i t y .  Howard, Burch and W ill iam s ( 66) d e m o n s tra te d  t h a t  
t h i s  v a lu e  was a p p l i c a b l e  t o  e x p e r im e n ta l  d a t a .  L a t e r ,  Burch (13 ) 
found t h a t  s e l f -b r o a d e n e d  and n i t ro g e n -b ro a d e n e d  l i n e s  o f  t h e  
C02 band had d i f f e r e n t  s h a p e s .  The v a lu e  of B was d e te rm in e d  
a t  about 1 .2  n e a r  th e  l i n e  c e n t r e s ,  and n e a r ly  1 .3  i n  th e  
r e g io n s  betw een th e  l i n e s .  T h is  l a t t e r  v a lu e  a g re e s  w i th  t h a t  
used by Burch (18 , 20) and Gray (5 3 ) ,  and t h e o r e t i c a l l y  d e te rm in e d  
by K aplan  and B e n e d ic t  (18 ) ,  f o r  th e  fund am en ta l  (4 .3  J*m) band of 
C02 . Prom h i s  s t u d i e s  w i th  pu re  g a se s  and gas m ix tu r e s ,  Edwards 
( 30) no ted  t h a t  th e  c o e f f i c i e n t  was a  f u n c t i o n  o f  th e  p a r t i a l  
p re s s u re  o f  002 . C o n se q u e n t ly ,  he developed  th e  r e l a t i o n s h i p  
B = 1 + 0 . 5  Pco2 » Lut rem arked  t h a t  th e  weak p r e s s u r e  dependency 
o f  h i s  d a ta  d id  n o t  a l lo w  t h e  c o e f f i c i e n t  t o  be a c c u r a t e l y  d e f i n e d .  
P i e r l u i s s i  (102) r e p o r t e d  th e  r e l a t i o n s h i p  B = 1 .3  Pco^ f o r  t h e
2.06 jam band o f  C02 .
34•3 Water Vapour
1 Howard and Chapman ( 64 ) - found  t h a t  th e  e f f e c t  of s e l f - b r o a d e n i n g
on a w a te r  vapour a b s o r p t io n  l i n e  was tw ice  th e  e f f e c t  caused  by 
f o r e ig n  gas  (e g .  a i r )  b ro a d e n in g .  As su ch , th e y  p roposed  th e  u se  
o f  B = 2 . F lo rn e s  (45) a l s o  u sed  a  v a lu e  of B = 2 when c o r r e l a ­
t i n g  w a te r  v apour d a t a .  W ith r e s p e c t  to  t h e  s p e c t r a l  d i s t r i b u t i o n  
of th e  c o e f f i c i e n t ,  i t  was found  by Burch (13) t h a t  th e  sh a p es  o f  
s e l f -b ro a d e n e d  H20 l i n e s  n e a r  2 .7  jam a re  n e a r l y  th e  same a s  
n i t ro g e n -b ro a d e n e d  l i n e s  w i t h i n  a  few r e c i p r o c a l - c e n t i m e t r e s  o f 
th e  c e n t r e s .
For te m p e ra tu re s  up to  1200 K, o v e r a l l  v a lu e s  of B = 5 ± 1 have 
been r e p o r t e d  (11 ,48 , 93,133) f o r  t h e  1 .9  Jim and 2 .7  jam b a n d s .
More r e c e n t l y ,  S t a u f f e r  (118) found t h a t  th e  r e l a t i o n  B = 10 -  5T 
(T = t r a n s m i s s i v i t y ) ,  s u g g e s te d  by B e n ed ic t  (149), f i t t e d  the 2 0 -5 0 j im  
re g io n  much b e t t e r  t h a n  a  f i x e d  v a lu e  of B. A lthough assumed t o  
be in d ep e n d en t  o f t e m p e ra tu re  ( T ) , t h e o r e t i c a l  c o n s i d e r a t i o n s  (84) 
i n d i c a t e  t h a t  t h e  r e l a t i v e  b ro a d e n in g  c o e f f i c i e n t  i s  p ro b a b ly  n o t .  
Comparisons of i i n e  h a l f - w i d t h s  f o r  s e l f - b r o a d e n in g  and n i t r o g e n -  
b ro ad en in g  i n d i c a t e  t h a t  BoOT”0,17 .
34.2 Garbon Dioxide
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,35 BAND OVERLAP
When two a b so rb in g  g a se s  a r e  p r e s e n t ,  and t h e i r  a b s o r p t io n  bands 
o v e r la p  i n  a p a r t i c u l a r  s p e c t r a l  r e g i o n ,  t h e  a b s o r p t io n  o f  
r a d i a t i o n  by th e  gas  m ix tu re  w i l l  be l e s s  th a n  th e  sum of th e  
i n d i v i d u a l  gas  a b s o r p t io n s .
From e q u a t io n  (33) th e  a b s o r p t i v i t y  o f  a b in a r y  gas  m ix tu re  i s  
g iven  b y : -
oCx = 1 -  exp Q- (KX( + K x z ) L]
and so th e  t r a n m i s s i v i t y , i n  te rm s  of f r e q u e n c y ,  becom es: -
= exp Q- ( k v)| + kv>2 ) plQ   (78)
Over a  l a r g e  f re q u e n c y  r e g io n  the  a v e ra g e  t r a n s m i s s i v i t y  i s : -
€ , +2. e x p ( - k v, f p L ) . exp ( - k ^ p L j . d v  ..............  (79)
I f  th e  two g a se s  a b so rb  r a d i a t i o n  i n d e p e n d e n t ly ,  i e .  t h e r e  i s  no 
c o r r e l a t i o n  betw een  t h e i r  r e s p e c t i v e  a b s o r p t i o n  c o e f f i c i e n t s ,  th e  
i n t e g r a l s  can be e v a lu a te d  s e p a r a t e l y : -
C , +2. = I —  e x p ( - k v p i ) . dv>] P l  f e x p ( - k v pL)d\?
_ L+V Jax> 1 J  |_av JAV, 2  _
= V , .   ( 8 0 )
The av e rag e  band a b so rp ta n c e  over  th e  f r e q u e n c y  i n t e r v a l ,  AV> i s  
g iv e n  b y : -
A = AN? .OC = A V  (1 - € )    (81)
Hence: -
Ii± *  = 1 -  1 -  q  -  1 l) ( i -  i s )
A.V '  AV>) ( AV)
= Al + £ 2. -  I I  . A*   (82)
AV AV AV AV
This e q u a t io n  i s  r e s t r i c t e d  t o  s p e c t r a l  i n t e r v a l s  be tw een  which
A,j and A2 a re  a p p l i c a b l e  av e rag e  v a lu e s  and where t h e r e  i s  no
r e l a t i o n s h i p  be tw een  th e  l i n e  p o s i t i o n s  o f  th e  two g a s e s .
F u r th e r  c o m p le x i t i e s  a r e  in t ro d u c e d  when a  g a s  m ix tu re  i s  
c o n s id e re d .  F o r  exam ple, th e  p a r t i a l  p r e s s u r e  o f  an a b so rb in g  
gas i n  a  m ulticom ponen t system  v a r i e s  w i th  t e m p e ra tu re  and
p r e s s u r e ,  th e  p o p u la t io n s  o f  th e  energy  s t a t e s  v a ry  w ith  
te m p e ra tu re ,  and t h e  o v e r l a p p in g  o f  s p e c t r a l  l i n e s  changes w ith  
p r e s s u r e .  An a n a l y s i s  o f  th e  dependence of a b s o rp ta n c e  on gas  
c o n d i t io n s  i s  t h e r e f o r e  v e ry  complex f o r  a  r e a l  gas  m ix tu r e .  
C onsequ en tly ,  u s e f u l  d a ta  must depend h e a v i ly  upon e x p e r im e n ta l  
r e s u l t s  w h i l s t  u s in g  th e o r y  a s  a g u id e .
TEMPERATURE DEPENDENCE OF BAND ABSORPTANCE
The a b s o r p t io n  c o e f f i c i e n t  o f  a  s p e c t r a l  l i n e  i s  r e l a t e d  to  i t s  
i n t e n s i t y  and sh a p e .  The l i n e  i n t e n s i t y  v a r i e s  w i th  t e m p e ra tu re  
w h i l s t  th e  l i n e  sh a p e ,  c h a r a c t e r i s e d  by l i n e  i n t e n s i t y  and l i n e  
h a l f - w i d t h  ( S e c t io n  3 -2 0 ) ,  i s  d ep en den t on te m p e ra tu re  and 
p r e s s u r e .  In  g e n e r a l  te rm s ,  th e  in te r -d e p e n d e n c e  o f  t h e s e  
p a ra m e te rs  and te m p e ra tu re  has  been  de te rm in ed  f o r  i n d i v i d u a l  
l i n e s .  Due to  th e  o c c u r re n c e  o f  l i n e  o v e r la p p in g ,  however, th e  
e f f e c t  o f  te m p e ra tu re  on band a b s o rp ta n c e  i s  more com plex.
With an i n c r e a s e  i n  t e m p e r a tu r e ,  changes o ccu r  i n  th e  p o p u la t io n  
o f  th e  v a r io u s  r o t a t i o n a l  s t a t e s  o f  th e  m o le c u le s .  These changes 
g e n e r a l l y  cause  a  d e c r e a s e  i n  t h e  l i n e  i n t e n s i t i e s  n e a r  th e  c e n t r e  
of th e  band and a  c o r r e s p o n d in g  i n c r e a s e  i n  t h e  wings of. t h e  band . 
An in c r e a s e  i n  th e  p o p u l a t i o n  o f  h ig h e r  v i b r a t i o n a l  s t a t e s  a l s o  
o c cu rs  and , i n  some c a s e s ,  r e s u l t s  i n  h ig h e r  band i n t e n s i t i e s .
T h is  may be th e  d o m in a tin g  e f f e c t  o f  te m p e ra tu re  on band a b s o rp ­
ta n c e  .
I f  th e  band c o n s i s t s  o f  weak l i n e s  th e n ,  p ro v id e d  th e  band 
i n t e n s i t y  i s  n o t  d ep enden t on te m p e ra tu re ,  th e  band a b s o r p ta n c e  
w i l l  be u n a f f e c te d  by t e m p e r a tu r e ,  a c c o rd in g  to  e q u a t io n  ( 6 5 ) .  I f  
t h e  band c o n s i s t s  o f  s t r o n g  n o n -o v er la .p p in g  l i n e s ,  a  t e m p e r a tu re  
r i s e  w i l l  r e s u l t  i n  d e c r e a s e d  a b s o r p t io n  a t  th e  band c e n t r e  and a 
com pensa ting  in c r e a s e  i n  t h e  band w ings . The n e t  r e s u l t  i s  a  
d e c re a s e  i n  a b s o r p t a n c e ,  a c c o r d in g  to  e q u a t io n s  (55) and (6 6 ) .
F o r  s t r o n g  l i n e s  where a b s o r p t i o n  i s  n e a r  com plete  a t  t h e  band 
c e n t r e ,  b ro ad en in g  w i l l  o c c u r  i n  t h e  wings r e s u l t i n g  i n  a  g e n e r a l  
i n c r e a s e  i n  th e  band a b s o r p t a n c e .
At th e  v e ry  h ig h  t e m p e r a tu r e s ,  t h e  e f f e c t s  o f  D opp le r  b ro a d e n in g  
on l i n e  w id th  become co m parab le  t o  c o l l i s i o n  b ro a d e n in g .
The e f f e c t s  o f  te m p e ra tu re  on t o t a l  a b s o rp ta n c e  have been 
i n v e s t i g a t e d  o v e r  a l im i t e d  range o f  te m p e ra tu re s  and p r e s s u r e s  
f o r  pure  sam ples of CO and CH  ^ (31 ) w ith  d i f f e r i n g  r e s u l t s .
MEASURED BAND ABSORPTANCE
I t  has been m entioned  in  s e c t i o n  3 .1 7  t h a t  e x p e r im e n ta l ly -  
d e te rm in ed  s p e c t r a l  a b s o r p t i v i t i e s  depend on th e  s l i t  w id th  (band 
p a s s )  of th e  m easu ring  in s t ru m e n t .  T his i s  due to  th e  f a c t  t h a t  
th e  a b s o r p t io n  c o e f f i c i e n t  f o r  a gas  v a r i e s  c o n s id e r a b ly  w ith  
f re q u e n c y .  The m easured s p e c t r a l  a b s o r p t i v i t y  th u s  r e p r e s e n t s  a 
mean v a lu e  o f  th e  a b s o r p t io n  c o e f f i c i e n t  o v e r  th e  f req u e n cy  range  
covered  by th e  band p a s s .
However, i t  has  been t h e o r e t i c a l l y  d e te rm in e d  (92) t h a t  th e  
m easured t o t a l  band a b so rp ta n c e  i s  u n a f f e c te d  by th e  band p a ss  
p ro v id e d  t h a t  th e  l i m i t s  o f th e  i n t e g r a t e d  s p e c t r a l ' a b s o r p t i v i t i e s  
in c lu d e  th e  e n t i r e  a b s o r p t io n  b a n d : -
where (Xv= t r u e  s p e c t r a l  a b s o r p t i v i t y
. oC^  = m easured s p e c t r a l  a b s o r p t i v i t y
\>, and \>£ = t r u e  band l i m i t s  such  t h a t  = = 0.
SECTION 4
DESCRIPTION OP APPARATUS
GENERAL DESCRIPTION
A la y o u t  of t h e  a p p a r a tu s  i s  shown i n  f i g .  1 . The a b so rb in g  gas 
b e in g  t e s t e d  i s  c o n ta in e d  w i th in  a  t e s t  c e l l ,  f i t t e d  w i th  i n f r a ­
red  t r a n s m i t t i n g  windows. The t e s t  c e l l  i s  l o c a t e d  i n  th e  c e n t r a l  
s e c t i o n  of a c y l i n d r i c a l  e l e c t r i c a l l y - h e a t e d  f u r n a c e .  The m i l l i -  
v o l ta g e  s i g n a l  from a th e rm o co u p le ,  l o c a t e d  e i t h e r  i n  the  c y l i n ­
d r i c a l  body o f  th e  t e s t  c e l l  o r i n  c lo s e  p ro x im i ty  to  i t ,  c o n t r o l s  
th e  power i n p u t  to  the  fu rn a c e  so a s  t o  c o n t r o l  th e  te m p e ra tu re  o f  
th e  gas i n  th e  c e l l .  The t e s t  c e l l  and f u r n a c e  a r e  su rro und ed  by 
a p re s s u r e  v e s s e l  c o n ta in in g  d ry  n i t r o g e n  a t J t h e  same p r e s s u r e  a s  
th e  t e s t  g a s .  T h is  m in im ises  any  m ech an ica l  s t r e s s  on th e  c e l l  
windows r e s u l t i n g  from a' l a r g e  p r e s s u r e  d i f f e r e n t i a l .  The 
p re s s u re  v e s s e l  i s  th e r m a l ly  i n s u l a t e d  from  th e  f u r n a c e .
I n f r a - r e d  r a d i a t i o n ,  e m it te d  a t  a  c o n s ta n t  r a t e  from  a N e rn s t  
f i la m e n t  s o u r c e ,  i s  i n t e r u p t e d  by a  v a r i a b l e - s p e e d  c h o p p e r ,  to  
produce an  a l t e r n a t i n g  energy  p u l s e .  The n i t r o g e n - p u r g e d  so u rc e  
o p t i c s  p roduce  a  beam o f  r a d i a t i o n  w hich  i s  d i r e c t e d  a lo n g  th e  
a x i s  o f th e  t e s t  c e l l ,  th ro u g h  i n f r a - r e d  t r a n s m i t t i n g  windows, 
and which i s  fo c u s se d  a t  t h e  c e n t r e  of th e  c e l l .
The a t t e n u a t e d  r a d i a t i o n  from t h e  t e s t  c e l l  l e a v e s  th e  c e l l  and th e  
p r e s s u r e  v e s s e l  th ro u g h  windows, and th e  n i t r o g e n - p u r g e d  d e t e c t i o n  
o p t i c s  fo c u s  th e  beam onto  th e  e n t r a n c e  s l i t  o f  a  m onochrom ator.
The monochromator c o n ta in s  a  d i f f r a c t i o n  g r a t i n g  which s p l i t s  th e  
r a d i a t i o n  i n t o  i t s  m onochrom atic com ponents. The g r a t i n g  i s  
r o t a t e d  so  t h a t  th e  e v a c u a te d  therm ocoup le  d e t e c t o r  i s  i r r a d i a t e d  
by energy  o f  a  s e l e c t e d  narrow  waveband. The r e s u l t i n g  e l e c t r i c a l  
s i g n a l  from  th e  d e t e c t o r  i s  t ra n s fo rm e d  and a m p l i f i e d ,  and can be 
d is p la y e d  e i t h e r  on a  d i g i t a l  v o l tm e te r ,  w hich  o p e r a t e s  a  p aper  
ta p e  punch, o r  on a  c h a r t  r e c o r d e r .  The encoded d a t a  can be 
a n a ly se d  on a  d i g i t a l  com puter.
TEST CELLS
The gas sam ples  and m ix tu re s  u n d e r  s tu d y  a r e  c o n ta in e d  w i th in  a 
c y l i n d r i c a l  t e s t  c e l l  w i th  i n f r a - r e d  t r a n s m i t t i n g  windows. The 
m ajor c o n s i d e r a t i o n s  i n  th e  c h o ic e  o f  window m a t e r i a l s  a r e  ( i )  th e  
g a se s  p r e s e n t ,  i e .  H20 v a p o u r ,  C02 , CO, N2 ( i i )  t h e  maximum 
o p e ra t in g  te m p e ra tu re  (and p ressu r .e )  , ( i i i )  th e  s p e c t r a l  r a n g e  
under i n v e s t i g a t i o n ,  and ( i v )  t h e  c o e f f i c i e n t  o f th e rm a l  e x p a n s io n .
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For o p e ra t in g  te m p e ra tu re s  up to  1000 K t h i s  l i m i t s  the  p o s s ib l e  
a v a i l a b l e  m a t e r i a l s  t o  r e l a t i v e l y  few, in c lu d in g  q u a r t z ,  s i l i c a ,  
s a p p h ire  (A120 3) and p e r i c l a s e  (MgO).
Two t e s t  c e l l s  were u sed  i n  t h e  e x p e r im e n ta l  s tu d y .  The f i r s t  
( f i g .  2) c o n s i s t s  of a  q u a r t z  ( v i t r e o u s  s i l i c a )  c y l i n d e r  w i th  
i n f r a s i l  ( i n f r a - r e d  v i t r e o u s  s i l i c a )  windows s e a l e d  in to  b o th  
ends by epoxy r e s i n .  (A ttem p ts  were made to  f ise  th e  windows to  
a s p e c t r o s i l  ( s y n t h e t i c  fu s e d  s i l i c a )  body, bu t expans ion  
d i f f e r e n c e s  r e s u l t e d  i n  f r a c t u r e  of th e  windows d u r in g  th e  c o o l ­
down p e r i o d ) .  I n f r a s i l ,  u n l ik e  q u a r t z ,  does  n o t  ab so rb  i n f r a - r e d  
r a d i a t i o n  i n  t h e  2 .1  jam r e g i o n  -  a  phenomenon due t o  w a te r  
o c c lu s io n  i n  norm al s i l i c a  m a t e r i a l s .  Gas e n t r y  i s  th ro u g h  a 
sm a l l -b o re  q u a r t z  tu b e ,  w i th  e p o x y - r e s in - s e a l e d  b r a s s  end f i t t i n g ,  
which c o n n e c ts  to  th e  main co p p er  su p p ly  l i n e  s i t u a t e d  o u t s id e  th e  
fu r n a c e .  A " q u i c k - f i t ” c o n n e c to r  i n  t h e  q u a r t z  l i n e  e n su re s  
f l e x i b i l i t y  o f  c o n n e c t io n .  The c e l l  i s  c e n t r a l l y - l o c a t e d  i n  t h e  
fu rn a c e  on a m i l d - s t e e l  " c r a d l e "  w hich  c a r r i e s  th e  t e m p e r a tu r e -  
c o n t r o l  therm ocouple  w e l l .  T h is  c e l l  was u sed  to  s tu d y  th e  2 .7  jam 
o v e rto n e  band of ca rb o n  d io x id e  and th e  2 .35  /im o v e rto n e  band of 
carbon  monoxide a t  am bien t t e m p e r a tu re .
The second and m ajo r t e s t  c e l l  ( f i g .  3) c o n s i s t s  o f  a f la n g e d  ’ 
s t a i n l e s s - s t e e l  c y l i n d e r ,  t o  th e  ends of which a r e  f ix e d  two 
window a s s e m b l ie s  which a r e  l o c a t e d  i n  r e c e s s e s .  A l i p  a round  one 
edge of eac h  window assem bly  i s  l o c a t e d  betw een th e  r e c e s s e d  c e l l  
body and an  a n n u la r  f l a n g e  w hich  i s  b o l te d  t o  th e  body . E ach window 
assem bly  c o n s i s t s  of a  s a p p h i r e  window b r a z e d ,  by means of a  c o p p e r -  
s i l v e r  e u t e c t i c ,  i n t o  a  t i t a n i u m  s l e e v e .  S a p p h ire  and t i t a n iu m  
have s i m i l a r  c o e f f i c i e n t s  of th e rm a l  e x p a n s io n ,  so th e  u p p e r  tempera^ 
t u r e  l i m i t  o f t h e  assem bly  i s  d i c t a t e d  by th e  m e l t in g  p o in t  o f t h e  
e u t e c t i c ,  i e .  930°G. S a p p h ire  h a s  a  h ig h  t r a n s m i s s i v i t y  (up t o  
88$) i n  th e  s p e c t r a l  r e g io n  of i n t e r e s t  (1 -5  pm ), and a h ig h  m e l t in g  
p o in t  and m ech an ica l  s t r e n g t h .  F o r  a  3 mm t h i c k  d i s c  of t h e  
m a t e r i a l ,  t r a n s m i s s io n  i s  a b o u t  55$ a t  5 pm.
Copper g a s k e t s  be tw een  th e  c e l l  body and th e  window a s s e m b l ie s  
accommodate th e  d i f f e r e n c e s  i n  e x p an s io n  betw een the  s t e e l  and 
t i t a n iu m  a t  e l e v a t e d  t e m p e r a tu r e s .  A s m a l l -b o re  (6 .5  mm O.D.) 
s t a i n l e s s - s t e e l  tu b e  w ith  a  b r a s s  end f i t t i n g  c o n s t i t u t e s  t h e  gas 
su p p ly  l i n e .  (A ttem p ts  were made to  d i r e c t l y  b ra z e  two s a p p h i r e /
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t i t a n iu m  window a s s e m b l ie s  to  a t i t a n iu m  c e l l  body, u s in g  0 .5  mm 
d ia m e te r  c o p p e r - s i l v e r  e u t e c t i c  w i r e ,  b u t  d i f f i c u l t i e s  were 
en co u n te red  i n  p ro v id in g  a l e a k - t i g h t  s e a l .  S i m i l a r  problem s 
were e x p e r ie n c e d  when a t t e m p t in g  to  a rg o n  a r c  weld th e  a s s e m b l ie s  
to  th e  t i t a n i u m  c e l l  bo d y ) . The c e l l  i s  l o c a t e d  i n  th e  fu rn a c e  
on a m i l d - s t e e l  " c r a d l e " .  Thermocouple w e l l s  a r e  l o c a t e d  w i th in  
th e  main w a l l  o f  th e  t e s t  c e l l .
A t h i r d  gas  c o n ta in m en t  c e l l ,  o p e ra b le  on ly  a t  room te m p e ra tu re ,  
can be formed by u s in g  the  empty p r e s s u r e  v e s s e l .  The gas  i s  
co n ta in e d  by sodium c h lo r id e  windows and has a  r a d i a t i o n  p a th  
l e n g th  of 158 cm.
4*3 GAS TEMPERATURE CONTROL 
4.3*1 F u rn ace
The fu rn a c e  c o n s i s t s  of a  c e n t r a l  r e f r a c t o r y  c y l i n d e r ,  i n t e r n a l l y -  
wound i n  t h r e e  s e p a r a t e  s e c t i o n s  w i th  K a n th a l  A-1 r e s i s t a n c e  w i r e .  
The o v e r a l l  l e n g t h  of t h e  f u rn a c e  i s  1000 mm and t h e  e f f e c t i v e  
i n t e r n a l  d ia m e te r  i s  70 mm.
The c e n t r a l  and main zone , 650 mm i n  l e n g t h ,  i s  s e rv e d  by a  m ains 
t r a n s fo r m e r  and E urotherm  te m p e ra tu re  c o n t r o l l e r .  The t e s t  c e l l  i s  
lo c a te d  i n  t h i s  c e n t r a l  zone and , w i th  th e  s t e e l  s u p p o r t  c r a d l e ,  
i s  e l e c t r i c a l l y  i n s u l a t e d  from  th e  fu rn a c e  w in d in g s  by th e  ex tend ed  
ceram ic  s p a c e r s  s e p a r a t in g  each  w in d in g .  Two o u t e r  guard  h e a t e r s ,  
l o c a te d  a t  each  end o f  the  main f u r n a c e ,  e n su re  t h a t  th e  h e a t  
l o s s e s  from  t h e  c e n t r a l  zone a r e  r e l a t i v e l y  u n ifo rm  so r e s u l t i n g  i n  
an  i s o th e r m a l  r e g io n  where th e  t e s t  c e l l  i s  l o c a t e d .  The two o u te r  
zones a re  s e rv e d  by mains t r a n s f o r m e r s  and th e  i n p u t  m anu a lly  
c o n t r o l l e d  by v a r i a c s .
The fu rn a c e  i s  su p p o r te d ,  by a  s t e e l  fram ew ork, i n  th e  c e n t r a l  
s e c t i o n  o f  th e  su r ro u n d in g  p r e s s u r e  v e s s e l ,  so t h a t  th e  c e n t r a l  
axes of b o th  c o in c id e .  I t  i s  th e r m a l ly  i n s u l a t e d  from  th e  s h e l l  
of the  p r e s s u r e  v e s s e l  by f u r t h e r  r e f r a c t o r y  c y l i n d e r s  and a lu m in o -  
s i l i c a t e  f i b r e  b l a n k e t .  A w a te r  j a c k e t  on th e  e x t e r n a l  s u r f a c e  of 
th e  p r e s s u r e  v e s s e l  p ro v id e s  a h e a t  s in k  e n s u r in g  c lo s e  c o n t r o l  of 
th e  t e s t  c e l l  t e m p e r a tu re ,  w h i l s t  f u r t h e r  e n s u r in g  t h a t  th e  e x t e r n a l  
te m p e ra tu re  o f  t h e  p r e s s u r e  v e s s e l  i s  a t  a  s a f e  l e v e l .
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The w ind ings of each fu rn a c e  s e c t i o n  a re  con nec ted  by alum inium  
b r a id  to  t e r m in a l s  l o c a t e d  on an i n s u l a t e d  s e r v i c e  f l a n g e  a t  one 
end o f  th e  p re s s u r e  v e s s e l .  These t e r m in a l s  a r e  connec ted  to  t h e  
m ains t r a n s f o r m e r s  by co p p er  b r a i d .
.2  C e l l  Tem perature  Measurement and C o n tro l
A la y o u t  of th e  f u rn a c e  t e m p e r a tu re  c o n t r o l  sys tem  i s  shown i n  
f i g .  4 . Each of th e  two o u t e r  f u r n a c e s  i s  s e p a r a t e l y  and m an u a lly  
c o n t r o l l e d  by a v a r i a c  from a s tep -do w n  m ains t r a n s fo r m e r  su p p ly .
The main c e n t r a l  fu r n a c e  i s  fe d  from  a mains t r a n s f o r m e r  and th e  
i n p u t  c o n t r o l l e d  by a  t h r e e - t e r m  Euro therm  te m p e ra tu re  c o n t r o l l e r  
and t h y r i s t o r  u n i t . An i n c o n e l - c l a d  c h ro m e l-a lu m e l  th e rm o c o u p le , 
l o c a te d  i n  th e  m e ta l  body o f  th e  t e s t  c e l l  ( o r  i n  c lo s e  p ro x im ity  
t o  th e  c e l l ) , f e e d s  i t s  s i g n a l  to  the  c o n t r o l l e r  where i t  i s  
compared to  a s e t  t e m p e r a tu re .  Any d e f i c i t  be tw een  s e t  and 
re c o rd e d  te m p e ra tu re  r e s u l t s  i n  a  g raded  power in p u t  to  th e  
fu rn a c e  w in d in g s .  Once t h e  s e t  te m p e ra tu re  i s  ap p roached , th e  
re c o rd e d  t e s t  c e l l  te m p e ra tu re  i s  c o n t r o l l e d  to  ± 5°C. Maximum 
h e a t in g  r a t e s  e q u iv a le n t  to  10°C p e r  m inu te  can be a c h ie v e d ,  w h i le  
te m p e ra tu re  s t a b i l i s a t i o n  a t  t h e  h ig h e r  o p e r a t in g  te m p e ra tu re  
(1000 K) was a t t a i n e d  a f t e r  2 -3  h o u r s .
The p r im ary  c u r r e n t  and t h e  v o l t a g e  a c r o s s  each  of th e  fu r n a c e  
s e c t i o n s  i s  m easured .
Three f u r t h e r  ch ro m e l-a lu m e l th e rm o co u p le s  m o n ito r  th e  te m p e r a tu re s  
a t  s e l e c t e d  p o i n t s  on t h e  e x t e r i o r s  o f th e  t e s t  c e l l  and gas e n t r y  
l i n e .  M i l l i v o l t a g e s  from  each  th e rm o co u p le  a r e  d i s p l a y e d ,  th ro u g h  
a  m u l t i - p o in t  s e l e c t o r ,  on a  d i g i t a l  v o l tm e te r .
GAS HANDLING SYSTEM
. 1 P re s s u r e  V e ss e l  •
The main p r e s s u r e  v e s s e l  ( f i g .  5) c o n s i s t s  o f a 265 mm O.D. m ild  
s t e e l  c y l i n d e r ,  1260 mm i n  l e n g t h  and f a b r i c a t e d  to  L loyds C la s s  I  
s t a n d a r d  w i th  a 9*5 mm t h i c k  s h e l l .  Ring f l a n g e s  of 510 mm o v e r a l l  
d ia m e te r  and 60 mm t h i c k  a r e  f u s i o n  welded t o  b o th  ends o f  th e  
c y l i n d e r .  Each of th e  two end f l a n g e s  i s  b o l t e d  to  the  main v e s s e l  
w ith  s i x t e e n  32 mm (1 .2 5 " )  BSW m ild  s t e e l  b o l t s  on a  430 mm d iam ete r  
c i r c u l a r  p i t c h .
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The b o l t s  a re  t i g h t e n e d  to  a to rq u e  o f  2 7 .7  kg . m. (200 f t .  l b ) .
A M etaflex  g a s k e t  ( s p i r a l  s t e e l  chevron s e a l  w ith  a s b e s to s  i n s e r t )  
i s  lo c a te d  betw een each  f l a n g e  and th e  p r e s s u r e  v e s s e l .  One end 
f la n g e  in c lu d e s  an ex tended  38 mm (1 .5 " )  bore  tu b e  w i th  welded 
r i n g  f l a n g e ,  to  which a " c o ld "  window assem bly and th e  so u rce  
o p t i c s  box a re  b o l t e d .  The o th e r  end f la n g e  c o n ta in s  a 32 mm 
(1 .2 5 " )  d ia m e te r  Saunders  f u l l - f l o w  b a l l  v a lv e  w i th  a h o ld e r ,  t o  
which a second " c o ld "  window assem bly  and th e  d e t e c t i o n  o p t i c s  
box a re  b o l t e d .  This v a lv e ,  when c lo s e d ,  p ro v id e s  p r o t e c t i o n  f o r  
the  d e t e c t i o n  o p t i c s  should  th e  c o ld  window i n  t h i s  end o f  the  
p re s s u re  v e s s e l  b r e a k .  Two s e t s  of s i x  a c c e s s  f l a n g e s  a re  
p o s i t io n e d  a t  60° i n t e r v a l s  around bo th  ends of th e  p r e s s u r e  
v e s s e l .  This p ro v id e s  e n t r y  f o r  t h e  t e s t  g a s ,  p r e s s u r i s i n g  
n i t r o g e n ,  th e rm o c o u p le s ,  f u rn a c e  power t e r m in a l s  and o th e r  
e l e c t r i c a l  c o n n e c t io n s  in to  th e  p re s s u re  v e s s e l .
The v e s s e l  has  been h y d r a u l i c a l l y  p re s s u re  t e s t e d  to  69 b a r .  A 
b u r s t i n g  d i s c  ( r a t e d  a t  46 .6  b a r  a t  150°C) i s  p ro v id ed  i n  a 
c e n t r a l l y - l o c a t e d  f l a n g e ,  w i th  a  42 .5  mm d ia m e te r  s t e e l  p ipe  
a v a i l a b l e  t o  e x h au s t  p r e s s u r e  v e s s e l  g a se s  to  th e  o u t s id e  of th e  
b u i ld in g .
O xygen-free  n i t r o g e n  i s  a d m it te d  to  the  v e s s e l  a t  a  p r e s s u r e  e q u a l  
to  t h a t  of t h e  gas  i n  th e  t e s t  c e l l .  This e n s u re s  a  n e a r - z e r o  
p re s s u re  d i f f e r e n t i a l  a c r o s s  th e  windows of t h e  t e s t  c e l l ,  so a s ,  
to  m inim ise  p r e s s u r e  s t r e s s i n g .
The p re s s u re  v e s s e l  i s  s i t u a t e d  on th r e e  c r a d le - s h a p e d  s u p p o r t s  
lo c a te d  on a fram ework.
.2  Cold windows
"Gold" window a s s e m b l ie s  ( f i g .  6) a r e  b o l te d  betw een f l a n g e s  a t  
each  end of th e  p r e s s u r e  v e s s e l .  These p ro v id e  th e  g a s  s e a l s  f o r  
th e  p r e s s u r i s e d  n i t r o g e n  b l a n k e t  w i th in  th e  v e s s e l  w h i le  a l lo w in g  
i n f r a - r e d  r a d i a t i o n  to  p a ss  th ro u g h  th e  p r e s s u r e  v e s s e l  and t e s t  
c e l l .
Eaoh assem bly  c o n s i s t s  of a  sodium c h lo r id e  window, of 5 o r  6 mm 
th ic k n e s s  and 30 o r  35 tnm i n  d ia m e te r ,  which i s  s e a le d  i n t o  a  
b ra s s -b o d ie d  assem bly  u s in g  r u b b e r  "0" r i n g s  and g a s k e t s .  The
assem bly i s  th en  b o l te d  betw een th e  f i x e d  f l a n g e s  of the  p r e s s u r e  j’ 
v e s s e l  and f l e x i b l e  f l a n g e s  on th e  d e t e c t i o n  o r  so u rce  o p t ic s
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b o x es , a ru b b e r  g a s k e t  p ro v id in g  th e  s e a l .  Because of th e  l o c a t i o n  ! 
of th e  a s s e m b l i e s ,  th ey  rem a in  c o o l  a t  a l l  t im e s  and a re  s u b je c t  
on ly  to  p r e s s u r e  d i f f e r e n t i a l s  of up  t o  9 a tm o sp h e re s .
P re s s u re  Measurement and C o n tro l
The m easurem ents of th e  gas p r e s s u r e s  w i th in  the  p re s s u re  v e s s e l ,  
t e s t  c e l l ,  and w a te r -v ap o u r  r e s e r v o i r  a r e  c a r r i e d ,  out u s in g  
"compound" Bourdon gauges which a re  g ra d u a te d  i n  d i v i s i o n s  of 
5 p s ig .  f o r  p r e s s u r e s  above a tm o sp h e r ic ,a n d  10 in c h e s  of m ercury 
f o r  below a tm o sp h e r ic  p r e s s u r e s  (vacuum). D uring t e s t s  w i th  
g a se s  and m ix tu re s  ex c lu d in g  w a te r  v a p o u r ,  a p r e s s u r e  sw itc h  was 
used  to  c o n t r o l  t h e  p re s s u r e  of t h e  n i t r o g e n  i n  t h e  p re s s u re  v e s s e l .  
The g a se s  p r e s e n t  i n  th e  t e s t  c e l l  and th e  p r e s s u r e  v e s s e l  were i n  
c o n ta c t  w i th  o p p o s i te  s i d e s  of a  f l e x i b l e  b r a s s  d iaphragm  o f £ mm 
t h i c k  l o c a te d  w i th in  th e  s w i tc h .  V a r ia t io n s  i n  th e  gas p r e s s u r e s  
move th e  diaphragm  tow ards e l e c t r i c a l  c o n ta c t s  l o c a te d  2 .5  mm from  
th e  b a la n ce d  p o s i t i o n  of th e  d iaphragm . When e i t h e r  c o n ta c t  i s  
made, one of two m a in s -o p e ra te d  r e l a y s  i s  a c t i v a t e d ,  which i n  t u r n  -
a c t u a t e s  a s o le n o id  v a lv e ;  a s  a  r e s u l t  n i t r o g e n  i s  e i t h e r  a d m it te d  
to  o r  r e l e a s e d  from th e  p r e s s u re  v e s s e l  so m a in ta in in g  a low (2 
in c h e s  w a te r  gauge) p re s s u r e  d i f f e r e n t i a l  a c r o s s  th e  windows of 
th e  t e s t  c e l l  ( f i g .  8 ) .
The c o n ta c t s  a r e  r a t e d  a t  500 mA a t  6 v o l t s ,  and a p re s s u r e
d i f f e r e n t i a l  of 1 b a r  can be t o l e r a t e d  by th e  sw itc h  diaphragm . *
r>
A B e l l  and Howell p r e s s u re  t r a n s d u c e r  can be u sed  f o r  manual c o n t r o l  
of th e  system  by m easuring  t h e  p r e s s u r e  d i f f e r e n t i a l  t o  1 in ch  
w a te r  gauge. The t r a n s d u c e r  c o n ta in s  a  s o l i d  s t a i n l e s s  s t e e l  r o d ,  
a c c u r a t e l y  machined to  le a v e  a t h i n  d ia p h r a g m . ' Diaphragm d i s p l a c e ­
ment i s  m easured w ith  a b r id g e - ty p e  s t r a i n  gauge which i s  e n e rg is e d  
by a  s t a b i l i s e d  power su p p ly ,  th e  o u tp u t  of w hich  i s  a m p l i f ie d  and 
used  to  o p e ra te  a  c i r s c a l e  m e te r .
When w a te r  vapour was p r e s e n t  in  th e  t e s t  c e l l ,  b a la n c in g  of the  
p r e s s u r e s  was c a r r i e d  out m an u a lly .  I t  shou ld  be n o ted ,  howeVer, 
t h a t  t h e  3 mm t h i c k  windows in c o r p o r a te d  i n t o  th e  t e s t  c e l l s  a r e  
capab le  o f w i th s ta n d in g  p r e s s u r e  d i f f e r e n t i a l s  of 600 p s i  u n d e r  
am bient c o n d i t i o n s .
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Dry in g  Tubes
The carbon  monoxide and c a rb o n  d io x id e  t e s t  g a s e s ,  and th e  
n i t r o g e n  used  b o th  f o r  p r e s s u r e  e q u a l i s a t i o n  and f o r  p r e s s u r e  
b ro ad en in g  of th e  t e s t  g a se s  a r e  a l l  s u p p l ie d  from com m ercial 
c y l i n d e r s .  The minimum q uo ted  p u r i t i e s  of th e  g a se s  a re
( i )  9 9 .9 /  o x y g e n -f re e  n i t r o g e n ,  ( i i )  99 .8 '/  carbon  monoxide, and
( i i i )  9 9 -9 5 /  carbon  d io x id e .  A lthough th e s e  g a se s  a re  e s s e n t i a l l y  
f r e e  of w a te r  (q u o ted  a s  1 vpm ), / th e y  may be t o t a l l y  d r i e d  p r i o r  
to  e n te r in g  th e  t e s t  c e l l s ,  p r e s s u r e  v e s s e l  o r  mixing r e s e r v o i r s .
The d ry in g  a g e n ts  a re  -Jr" p e l l e t s  of m o le cu la r  s i e v e  d e s i c c a n t :  
po tass ium  and sodium a l u m i n o - s i l i c a t e s  w i th  h ig h  a b s o r p t iv e  
c a p a c i t i e s .  The d ry in g  a g en t  i s  c o n ta in e d  w i t h in  f l a n g e d ,  m ild  
s t e e l  c y l i n d e r s  o f 60 mm O.D. and 610 mm i n  l e n g t h  ( f i g .  9 ) .  
A sbes tos  s e a l i n g  g a s k e t s  a r e  u sed  between th e  27 mm t h i c k ,  164 mm 
d ia m e te r  f l a n g e s  and end p l a t e s .  The tu b e s  were c o n s t r u c t e d  
a c c o rd in g  to  BS 1560 and have been  p re s s u r e  t e s t e d  to  5 1 .8  b a r .  
I n s u l a te d  e l e c t r i c a l  h e a t in g  w ire  i s  wound around th e  o u t s id e  o f  
th e  d ry in g  tu b e s  to  p ro v id e  f o r  th e rm a l  r e g e n e r a t io n  o f  th e  d ry in g  
a g e n t .  F ib r e  b l a n k e t  i n s u l a t i o n  i s  wrapped around  t h e  d ry in g  tubes  
and ch ro m e l-a lu m e l th e rm o co u p le s  a re  lo c a te d  w i t h in  th e  d r y in g  
agen t and i n  c o n ta c t  w i th  th e  i n t e r n a l  s u r f a c e  of t h e  d r y in g  tu b e .  
Two d ry in g  tu b e s  i n  s e r i e s  a r e  used  f o r  d ry in g  th e  n i t r o g e n ,  
w h i l s t  th e  t e s t  g a se s  r e q u i r e  o n ly  a s i n g l e  d r i e r .
Two methods a re  fo l lo w e d  to  r e g e n e r a t e  th e  d ry in g  a g e n t .  The 
" therm al-^sw ingm ethod  in v o lv e s  h e a t in g  th e  m o le c u la r  s i e v e  t o  
te m p e ra tu re  o f 150° to  200°C, h o ld in g  th e  te m p e ra tu re  c o n s t a n t  
f o r  ab o u t h a l f  an hour and th e n  c o o l in g  to  am bien t t e m p e r a tu r e .
A purge g a s ,  a i r  o r  n i t r o g e n ,  i s  passed  th ro u g h  th e  bed , i n  t h e  
r e v e r s e  d i r e c t i o n  t o  norm al f lo w , th ro u g h o u t  th e  h e a t in g  and 
c o o lin g  c y c l e .  The d e s i c c a n t  can be r e p r e a t e d l y  h e a te d  t o  300°C 
w ith o u t  s e v e r e ly  r e s t r i c t i n g  i t s  u s u a l  l i f e - s p a n .  The " p r e s s u r e -  
swing" m ethod, which i s  a  f a s t e r  p ro c e d u re ,  e n t a i l s  r e d u c in g  th e  
p r e s s u r e  w i t h in  th e  d ry in g  tu b e  to  below a tm o sp h e r ic  so a s  t o  
e f f e c t  d e s o r p t io n .
Vacuum Pump
A r o t a r y  vacuum pump i s  u sed  t o  e v acu a te  p a r t  o r  a l l  of th e  gas  
h a n d lin g  sy s te m . The pump i s  d r iv e n  by a 746 Watt (1 h . p . )  s i n g l e  
phase i n d u c t i o n  m o to r ,  p ro v id in g  a th ro u g h p u t  o f 7 .5  l i t r e s  p e r
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second and p ro d u c in g  an u l t im n te  vacuum of l e s s  th a n  0.1 mbar.
The pump i s  f i t t e d  w i th  a gas b a l l a s t ,  which in c r e a s e s  the  
c a p a c i ty  of the  pump to  h an d le  w a te r  v ap o u r  (w ith o u t  c o n d e n s a t io n ) ,  
so im proving  the  u l t i m a t e  vacuum. This a l s o  a v o id s  th e  e r n u l s i f i -  
c a t i o n  of th e  vacuum o i l  w ith  water- v apour which would reduce  th e  
e f f i c i e n c y  of th e  pump. A Bourdon gauge r e c o r d s  th e  vacuum a t  th e  
e n t r y  to  th e  pump.
A v a lv e ,  l o c a t e d  betw een th e  pump and t h e  r e s t  o f  th e  system , 
i s  r e q u i r e d  f o r  i s o l a t i o n  p u rp o se s .  The v a lv e  i s  c lo se d  p r i o r  to  
s w itc h in g  o f f  t h e  vacuum pump, so t h a t  o i l  i s  n o t  sucked o u t  o f 
th e  pump i n to  th e  sy s tem . A f t e r  i s o l a t i o n ,  a i r  i s  a d m it te d  to  
th e  pump th ro u g h  an a i r  i n l e t  v a lv e .  A f t e r  th e  b u lk  of th e  w a te r  
v apour has  been  removed ..from th e  sy s te m , th e  g a s  b a l l a s t  v a lv e  
i s  c lo s e d  g r a d u a l l y ,  so e n s u r in g  a h ig h  vacuum.
When th e  o i l  does become c o n tam in a ted  w ith  w a te r  v a p o u r ,  i t  i s  
f r e e d  by ru n n in g  th e  pump w i th  th e  gas b a l l a s t  v a lv e  f u l l y  open 
and th e  pump i s o l a t e d  from th e  sy s te m . Because of th e  low er 
e f f i c i e n c y  o f  o p e r a t io n  when h a n d l in g  w a te r  v a p o u r  a t  tem pera­
t u r e s  g r e a t e r  t h a n  30°C, w a te r  vapour from  th e  t e s t  c e l l s  i s  
a d m it te d  v e ry  s lo w ly  t o  t h e  pump. D e s p i te  th e  e ase  w i th  which 
o i l  e m u l s i f i c a t i o n  could  be a v o id e d ,  t h e  vacuum o i l  was r e p la c e d  
a t  f r e q u e n t  i n t e r v a l s .
Ga s  R e s e r v o i r s 
"Dry" Gas R e s e rv o i r
An alum inium  c y l i n d e r  o f  7 l i t r e s  ap p ro x im a te  c a p a c i ty  (200 mm d i a  
x 300 mm h ig h )  i s  u sed  f o r  p ro d u c in g  th e  v a r i o u s  gas m ix tu re s  of 
ca rb o n  m onoxide, c a rb o n  d io x id e  and n i t r o g e n  u sed  i n  th e  s t u d i e s .
W ater R e s e rv o i r
F or s t u d i e s  on pure  w a te r  v ap o u r  o r  m ix tu re s  w ith  n i t r o g e n  a n d /o r  
ca rb o n  d io x id e  a  s p e c i a l  f o u r  l i t r e  r e s e r v o i r  was f a b r i c a t e d  from  
S t a i n l e s s  S t e e l  (304S12 i . e .  19$ Or, 9$ N i, 0 .0 8 $  max. C) and 
d e s ig n e d  a c c o rd in g  to  BS1515. The v e s s e l  ( f i g .  10) i s  a  76 .2  mm 
(3") ID c y l i n d e r ,  o f  6 .3 5  mm ( ^ " ) t h i c k ,  w i th  s t a n d a r d  welded end 
caps o f  s e m i - e l l i p s o i d a l  shape  d e s ig n e d  a c c o rd in g  t o  BS1640,
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p a r t  2 (1 962 ) .  The v e s s e l  i s  915 mm (36") in  o v e r a l l  l e n g t h  
and has 6 .35  mm (7 ") BSP fem ale  f i t t i n g s  welded i n to  b o th  ends 
a long  th e  a x i s .  The maximum w orking p re s s u re  i s  800 p s i  and thca 
maximum te m p e ra tu re  i s  300°0 . A 6 .35  mm (•?•") s t a i n l e s s  s t e e l  
tube  of 3*18 mm ( V )  b o re  i s  l o c a t e d  a long  th e  a x i s  o f t h e  
r e s e r v o i r  o v e r  i t s  e n t i r e  l e n g t h .  Ten h o le s  of 1 ,2  mm (0 .0 5 " )  
a re  spaced a t  89 mm ( 34"M) 90° i n t e r v a l s  a lo ng  th e  tu b e .
These en su re  good m ixing  c h a r a c t e r i s t i c s  when a second or t h i r d  
gas i s  a d m it te d  to  th e  w a te r  r e s e r v o i r .
/
The w a te r  r e s e r v o i r  i s  i s o l a t e d  from th e  re m a in d e r  of th e  g as  
h a n d lin g  system  by means of two s t a i n l e s s  s t e e l  s h u t - o f f  c o c k s ,  
which can , i f  r e q u i r e d ,  be u sed  a s  r e g u l a t i n g  flow  v a lv e s .  One 
end of th e  r e s e r v o i r  i s . c o n n e c te d , by e l e c t r i c a l l y - h e a t e d  and 
i n s u l a t e d  co p p er  g a s  l i n e s , t o  th e  t e s t  c e l l  and s team  su p p ly  
w h i l s t  th e  o th e r  end i s  c o n n e c te d  to  a compound Bourdon gauge 
(-30"  m ercury t o  500 p s ig )  v i a  a  c o i l e d  copper l i n e  of 6 .3 5  mm 
(•£") b o re .
4 . 4 . 7  Water R e s e rv o i r  F u rn ace
The w a te r  r e s e r v o i r  i s  su r ro u n d e d  by a fu rn a c e  which i n c o r p o r a t e s  
two s ta n d a rd  tu b e  e le m e n ts ,  K a n th a l  w ind ings  w i th in  two r e f r a c t o r y  
tu b e s ,  p o s i t io n e d  end to  e n d .  The t o t a l  u n i t  has  an e f f e c t i v e  
i n t e r n a l  d ia m e te r  o f  100 mm (3«94")» an o v e r a l l  l e n g t h  o f  1000 mm 
(39• 4 ,#) and a maximum e n e rg y  consum ption  of 5 kW ( tw ic e  64V x 43A).
A 15-20 mm gap be tw een  th e  i n n e r  and o u te r  r e f r a c t o r y  t u b e s  i s  
p rov ided  f o r  th e  r e t u r n  l e a d  from  th e  f a r  end o f  th e  w in d in g s .
T h is  i s  t i g h t l y  f i l l e d  w i th  f i b r e  i n s u l a t i o n ,  e x c e p t  around  t h e  
r e t u r n  l e a d ,  and a l lo w s  f o r  th e  e x p an s io n  o f  th e  l e a d .  The 
e lem en ts  a re  su rro u n d ed  by a h o llo w  alum inium  c a s in g  f i l l e d  w i t h  
v e r m ic u l i t e  g r a n u le s  f o r  i n s u l a t i o n .  A d d i t io n a l  f i b r e  b l a n k e t  
i n s u l a t i o n  i s  s i t u a t e d  be tw een  th e  e lem ent and c a s in g .  Both ends 
o f  th e  fu rn a c e  a r e  su r ro u n d e d  by f i b r e  i n s u l a t i o n  and a lum in ium  
p r o t e c t i o n - c o v e r s  t o  av o id  human c o n ta c t  w i th  th e  fu r n a c e  t e r m in a l s .
The e le m e n ts ,  w hich  a re  l i n k e d  i n  s e r i e s ,  a r e  co n n ec ted  t o  a  50A 
s in g le - p h a s e  t r a n s f o r m e r ,  t h e  se co n d a ry  v o l ta g e  from  w hich  i s  
120 V. A v a r i a c  and ammeter i s  p ro v id ed  to  m anua lly  c o n t r o l  th e  
c u r r e n t  t o  t h e  fu rn a c e  t o  m a in ta in  th e  d e s i r e d  minimum te m p e ra tu re  
w i th in  t h e  r e s e r v o i r ,  a s  i n d i c a t e d  by a  c o p p e r - c o n s ta n ta n  th e rm o -
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couple  l o c a t e d  in  c o n ta c t  w ith  one end of th e  r e s e r v o i r .
Heated Gas L i nes
The g a s  l i n e  betw een th e  w a te r  r e s e r v o i r  and th e  t e s t  c e l l  i s  
of 6 .35  nun W " ) b o re  copper and b r a s s  t u b i n g ,  w h i l s t  th e  
rem a in in g  l i n e s  a re  of m ild  s t e e l  w i th  m ild  s t e e l  f i t t i n g s .
The c o n t r o l  v a lv e  i n  th e  cop per  l i n e  i s  a  g lo b e  v a lv e  w ith  a 
m ild  s t e e l  body, a s t a i n l e s s  s t e e l  i n s e r t ,  and f lu o n  p ack in g ;  
th e  maximum o p e r a t in g  c o n d i t io n s  of th e  v a lv e  a r e  260°C and 
250 p s i .  A compound gauge ( - 3 0 ” Hg to  200 p s i )  i s  l o c a te d  i n  a 
b ran ch  l i n e  from  th e  main su p p ly  l i n e  be tw een  th e  c o n t r o l  v a lv e  
and th e  t e s t  c e l l .  T h is  gauge i s  a t  th e  end o f  a  c o i l e d  copper 
l i n e .  The co pp er  gas l i n e  (e x c lu d in g  t h e  gauge and c o i l e d  sec t io n ) ,  
th e  c o n t r o l  v a lv e  and th e  b ronze  g lobe  v a lv e s  i s o l a t i n g  th e  copper 
system  from  t h e  re m a in d e r  of th e  gas h a n d l in g  sy s tem , a r e  a l l  
wound w i th  i s u l a t e d  h e a t in g  ta p e  and su r ro u n d e d  w i th  f i b r e  
i n s u l a t i o n  and alum inium  f o i l .  The h e a t in g  t a p e  i s  s u p p l ie d  
from th e  m ains v i a  a  v a r i a c  and ammeter. I r o n - c o n s t a n t a n  therm o­
co u p le s  l o c a t e d  a t  v a r io u s  p o i n t s  a lo n g  th e  h e a te d  gas l i n e s  
en su re  t h a t ' t h e  minimum r e q u i r e d  t e m p e r a tu re  i s  m a in ta in e d  w i th in  
th e  sy s te m . These th e rm o co u p le s  a re  l i n k e d  to  an a m p l i f i e r  and 
d i g i t a l  v o l t m e t e r  d i s p l a y  v i a  a  s e l e c t o r  s w i t c h .
S a fe ty  A sp ec ts
The t r a n s f o r m e r s  su p p ly in g  power to  th e  t h r e e  s e c t i o n s  of th e  
t e s t  c e l l  fu rn a c e  and th e  e l e c t r i c  t e r m in a l s  o u t s i d e  th e  p r e s s u r e  
v e s s e l  a r e  su r ro u n d e d  by c lo se -m esh  expanded gauze to  a v o id  human 
c o n ta c t .
✓
P r o t e c t i v e  c o v e rs  a r e  l o c a t e d  ove r b o th  ends of th e  w a te r  r e s e r v o i r  
fu rn a c e  to  a v o id  c o n ta c t  w i th  th e  e l e c t r i c  t e r m i n a l s .  S a f e ty  
c o n ta c t s  a t  b o th  ends of t h e  f u r n a c e ,e n s u r e  t h a t  no power p a s se s  
to  the  f u r n a c e  u n t i l  b o th  c o v e rs  a r e  b o l t e d  i n t o  p o s i t i o n .  The 
fu rn a c e  c a s in g  and t h e  c o v e rs  a r e  e a r th e d .
A h a n d -o p e ra te d  gas  d e t e c t o r  pump w i th  a  f i t t e d  sample tu b e  
(5 -700  ppm) i s  u sed  t o  d e t e c t  th e  p re se n c e  o f  any  c a rb o n  monoxide 
i n  th e  v i c i n i t i e s  o f  v a lv e s  arid f i t t i n g s  w i t h i n  th e  g as  h a n d l in g  
sys tem , when ca rb o n  monoxide i s  b e in g  u sed  a s  a  t e s t  g a s .  T h res­
hold l i m i t s  f o r  ca rb o n  monoxide a r e  q u o ted  a s  100 ppm, a l th o u g h
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re m e d ia l  a c t i o n  was ta k e n  i f  th e  minimum d e te c t a b l e  l e v e l  of 
5 ppm was r e c o rd e d .  Good v e n t i l a t i o n  in  the  l o c a l i t y  of th e  
t e s t  a p p a ra tu s  was en su red  a t  a l l  t im e s .
A b u r s t i n g  d i s c ,  l o c a te d  i n  a  s id e  l i n e  from th e  main p r e s s u r e  
v e s s e l  ( s e c t i o n  4 . 1 ) ,  p r o t e c t s  t h i s  u n i t  from o v e r - p r e s s u r e .
A f u l l y  a u to m a tic  r e s u s c i t a t o r , f i r e  e x t i n g u i s h e r s ,  f i r s t - a i d  
b o x e s ,  e tc  a re  c lo s e  a t  hand i f  r e q u i r e d  i n  an emergency.
OPTICAL AND RECORDING SYSTEMS 
Source  O p tic s
The so u rc e  o p t i c s  p roduce a  beam of chopped i n f r a - r e d  r a d i a t i o n  
o f  h ig h  and c o n s ta n t  peak i n t e n s i t y  which i s  focused  a t  th e  
c e n t r e  of th e  t e s t  c e l l .  These o p t i c s  com prise  th e  e m i t t i n g  
s o u r c e ,  a chopper and p a r a b a l o i d a l  and p lan e  m ir r o r s  which a r e  
a l l  c o n ta in e d  w i th in  a box ( f i g  11) of alum inium  c o n s t r u c t io n .
A l l  i n t e r n a l  s u r f a c e s  of t h e  o p t i c s  box a r e  co a ted  w ith  m a t t - b l a c k  
p a i n t  to  red u c e  th e  o c c u r re n c e  of e x tra n e o u s  r e f l e c t e d  l i g h t .
A l l  unwanted space  i s  s e p a r a t e d  from  th e  main o p t i c a l  p a th  w i th  
alum inium  p a r t i t i o n s  and i s  f i l l e d  w i th  g r a n u la r  o r  b lo ck  p o ly ­
s t y r e n e .  T h is  im proves th e  e f f i c i e n c y  o f  f l u s h in g  by c o n s id e r a b ly  
re d u c in g  th e  swept volum e. S u f f i c i e n t  space  and a s p h e r i c a l  m i r r o r  
( o f  200 mm f o c a l  l e n g th )  a r e  a v a i l a b l e  w i th in  th e  so u rc e  o p t i c s  
box to  a l lo w  a beam o f c o l l im a te d  r a d i a t i o n  to  be p assed  th ro u g h  
th e  t e s t  c e l l ,  i f  so r e q u i r e d .
The r a d i a t i o n  p a sse s  ou t o f  th e  s o u rc e  o p t i c s  box th ro u g h  a  1" I .D .  
i n t e r n a l l y - b l a c k e n e d  b r a s s  tube,, w h ich  c a r r i e s  a f l a n g e  f o r  b o l t i n g  
t o  a  s i m i l a r  f l a n g e  on th e  p r e s s u r e  v e s s e l .  A "co ld "  window 
assem bly  i s  p o s i t io n e d  be tw een  th e  two f l a n g e s .
The i n f r a - r e d  so u rc e  i s  d e s c r i b e d  f u l l y  i n  th e  fo l lo w in g  s e c t i o n .  
The r a d i a t i o n  beam from  th e  s o u rc e  i s  m odula ted  by a  v a r i a b l e - s p e e d  
chopper l o c a te d  n e a r  th e  s o u r c e  h o u s in g .  The chopper i s  d r iv e n  by 
a synchronous m otor th ro u g h  a  p l a t e  d r i v e .  The m o d u la t io n  sp eed  
can be v a r i e d  o ve r  th e  r a n g e  8 .5  to  1 1 .5  Hz, by moving t h e  p o s i t i o n  
o f th e  chopper m o to r , so  a s  to  tu n e  t h e  a m p l i f i e r .  A b r a s s  r i n g ,  
p e r i p h e r a l  t o  th e  t h r e e  a lum in ium  van es  o f  th e  ch o p p er ,  e n s u r e s
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a un ifo rm  m o d u la t io n  f re q u e n c y  by a c t in g  as a f ly w h e e l .  The 
vanes and th e  f ly w h e e l  a r e  p a in te d  m a t t -b la c k  to  red u c e  r e f l e c t e d  
s t r a y  l i g h t .
The m odula ted  r a d i a t i o n  p a s se s  to  an. 18° o f f - a x i s  p a ra b o lo id  
m ir ro r  (o f  f o c a l  l e n g th  272 mm) where i t  i s  f o c u s e d ,  a f t e r  
d e f l e c t i o n  by a p lan e  m i r r o r ,  a t  th e  c e n t r e  o f th e  t e s t  c e l l .
The p a ra b o lo id  m i r r o r  i s  l o c a te d  i n  a m ounting such  t h a t  i t s  
c e n t r a l  a x i s  i s  76 mm above th e  base  p l a t e  o f th e  o p t i c s  box.
The m ir r o r  can be r o t a t e d  th ro u g h  a v e r t i c a l  a x i s  and i t s  p o s i t i o n  
can be moved r e l a t i v e  to  th e  f i x e d  p o s i t i o n  o f  th e  p lan e  m i r r o r .
The p lane  m i r r o r  can be r o t a t e d  about i t s  own a x i s .  Both m i r r o r s  
have a lu m in is e d  f r o n t  f a c e s .  A w a te r -c o o le d  t a r g e t  p l a t e  i s  
lo c a te d  be tw een  th e  so u rc e  and th e  c h o p p er .  T h is  t a r g e t  can  be 
moved a c r o s s  t h e  p a th  o f  th e  r a d i a t i o n  f o r  z e ro  so u rc e  energy  
datum c h e c k s .
During use. t h e  so u rc e  o p t i c s  box i s  purged w i th  n i t r o g e n  which - 
has been d r i e d  i n  a tu b e  c o n ta in in g  a c t i v a t e d  a lu m in a .  The box 
i s  p o s i t io n e d  on t h r e e  a d j u s t a b l e  b r a s s  l e g s  w hich  a l lo w  v a r i a t i o n  
of h e ig h t  and . . . in c l in a t io n .
The so u rc e  o p t i c s  a r e  t h e  l e a s t  c r i t i c a l  o f  a l l  t h e  o p t i c s  i n  th e  
system , p ro v id e d  t h a t  t h e  s o u rc e  image a t  th e  m onochrom ator 
e n tra n c e  s l i t  i s  o f  s u f f i c i e n t  s i z e  t o  f i l l  t h e  s l i t .
I n f r a - r e d  S o u rc e •
The main r e q u i r e m e n ts  o f an i n f r a - r e d  so u rc e  a r e  t h a t  i t  i s  sm a l l  
and* of s u f f i c i e n t l y  h ig h  i n t e n s i t y  and s p e c t r a l  d i s t r i b u t i o n .  There 
i s  no a d v a n ta g e  i n  h av ing  a  l a r g e - a r e a  so u rc e  p ro v id e d  t h a t  i t s  
fo cu sse d  image f i l l s  th e  e n t r a n c e  s l i t  t o  th e  m onochrom ator.
S e v e ra l  d i f f e r e n t  i n f r a - r e d  s o u rc e s  have been  t e s t e d  w i t h i n  th e  
system . These i n c lu d e  a  n ichrom e f i l a m e n t ,  an a lu m in a - tu b e  
f i l a m e n t ,  a  tungsten-ULodine lamp and a N e rn s t  f i l a m e n t .  A 
d e s c r i p t i o n  o f  each  o f  t h e s e  s o u r c e s ,  t h e i r  r e l a t i v e  m e r i t s  and 
a co m p ara t iv e  i n t e n s i t y  s tu d y  i s  in c lu d e d  i n  Appendix I I .
The most e f f i c i e n t  so u rc e  t e s t e d  and th e  one u sed  th ro u g h o u t  th e  
d a t a - a c q u i s i t i o n  e x p e r im e n ts  was th e  N e rn s t  f i l a m e n t  ( f i g .  1 2 ) .
As such a f u l l  d e s c r i p t i o n  f o l lo w s .
The f i la m e n t  i t s e l f  i s  a 2 mm (0.1 ) O.D. by 34 ( l y M) long 
hollow  c y l i n d e r ,  formed from a m ix tu re  of r a r e - e a r t h  (p red o m in an tly  
z irc o n iu m , y t t r iu m  and tho rium ) o x id e s ,  f i t t e d  w ith  p la t in u m -w ire  
t e r m in a l s .  The f i la m e n t  has  a  l a r g e  n e g a t iv e  c o e f f i c i e n t  of 
r e s i s t a n c e  and so r e q u i r e s  t h e  s t a b i l i s a t i o n  of a c o n s t a n t - v o l t a g e  
t r a n s f o r m e r .  The power in p u t  t o  th e  f i l a m e n t  i s  c o n t r o l l e d  by a 
v a r i a c  and f o r  g r e a t e r  s t a b i l i t y  a  r e s i s t a n c e ,  i n  th e  form of one 
o r  two l i g h t  b u lb s ,  i f  f i t t e d  i n  s e r i e s  ( f i g .  1 2 ) .  The f i l a m e n t  
i s  su p p o r te d  a t  the  r e q u i r e d  l e v e l ,  76 mm (3 ")  a t  th e  c e n t r e ,  on 
a 35 mm ( 1 . 4 M) d ia m e te r  c y l i n d r i c a l  b r a s s  base  and i s  a lm ost 
c o m p le te ly  su rroun ded  by a w a te r  j a c k e t ,  c o n s t ru c te d  of b r a s s ,  
which a l s o  a c t s  as a d ra u g h t  e x c lu d e r .  The i n t e r n a l  and e x t e r n a l  
s u r f a c e s  of th e  j a c k e t  a re  c o a te d  w ith  m a t t -b la c k  p a i n t .  .The 
i n f r a - r e d  r a d i a t i o n  le a v e s  th e  h o u s in g  th ro u g h  an o r i f i c e  o f  /
9 mm (4ru) d ia m e te r .  The w a te r - c o o le d  e n c lo s u re  e n su re s  t h a t  
s t a b i l i t y  ap p ro ach es  0 .1 $  by m a in ta in in g  a  c o n s ta n t  s u r f a c e  
te m p e ra tu re :  a  problem becau se  o f  th e  low th e rm a l  i n e r t i a  of t h e  
f i l a m e n t .
Due to  i t s  n e g a t iv e  c o e f f i c i e n t  o f  r e s i s t a n c e ,  th e  f i l a m e n t  has t o  
be r a i s e d  t o  d u l l - r e d  h e a t  by an  e x t e r n a l  f lam e b e fo re  i t , c o n d u c t s  
e l e c t r i c i t y .  The c u r r e n t  p a s s in g  th ro u g h  th e  f i l a m e n t ,  r e c o rd e d
! f * -
on an ammeter, i s  0 .6  amps u n d e r  norm al o p e ra t in g  c o n d i t io n s .  The 
o p e ra t in g  te m p e ra tu re  i s  i n  t h e  ran g e  1450°0 to  1650°C, th e  h i g h e s t  
o f any commonly used  i n f r a - r e d  s o u r c e .  However, i t  i s  n o t  a b la c k  
body r a d i a t o r ,  i t s  mean e m i s s i v i t y  b e in g  abou t 0 .3  i n  th e  1-6 ^.m 
r e g io n .  , • '
The m ajor d is a d v a n ta g e  of th e  so u rc e  i s  i t s  l i m i t e d  l i f e  (up to  
s e v e r a l  hundred  h o u r s ) ,  f a i l u r e s  a r i s i n g  from m echan ica l f r a c t u r e ,  
w arping  o r  e l e c t r o d e  a r c i n g .  The l i f e  of the  N erns t  can g e n e r a l l y  
be p ro longed  c o n s id e r a b ly  by c o n t in u o u s  o p e r a t io n ,  w he th er  i t  i s  i n  
u se  o r  n o t .
D e te c t io n  O p t ic s
The a t t e n u a t e d  r a d i a t i o n  l e a v in g  th e  t e s t  c e l l  p a s se s  th ro u g h  th e  
" c o ld ” (sodium  c h lo r id e )  window of th e  p r e s s u r e  v e s s e l  and i n t o  
th e  d e t e c t i o n  o p t i c s  box. The beam i s  d e f l e c t e d  by a  r o t a t a b l e  
p lan e  m i r r o r  and onto  an o f f - a x i s  p a ra b o lo id  m i r r o r  which f o c u s s e s
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th e  r a d i a t i o n  on th e  e n t r a n c e  s l i t  of th e  m onochrom ator.
Both m i r r o r s  have a lu m in is e d  f r o n t  s u r f a c e s .  The p la n e  m i r r o r  
can be r o t a t e d  ab o u t a  v e r t i c a l  a x i s ,  th ro u g h  t h e  c e n t r e  and f r o n t  
fa c e  of th e  m i r r o r ,  f o r  a l ig n m en t and a 25 mm (1 " )  d ia m e te r  f i e l d  
s to p  i s  p o s i t io n e d  on th e  s u r f a c e  of th e  p lan e  m i r r o r .
The p a ra b o lo id  m i r r o r  i s  i d e n t i c a l  to  t h a t  i n  t h e  so u rc e  o p t i c s  
i e  an 80 mm d ia m e te r ,  18° o f f - a x i s  m ir ro r  w i th  a f o c a l  l e n g t h  o f  
267 mm.
The d e t e c t i o n  o p t i c s  a re  l o c a t e d  w i th in  a box o f  a lum inium  
c o n s t r u c t i o n .  The s i d e  s e c t i o n s  a re  f i t t e d  w i th  welded a n g le  
s t r i p s  and a re  b o l t e d  to ' th e  to p  and bottom  p l a t e s  w i th  i n t e r v e n i n g  
ru b b e r  g a s k e t s  f o r  s e a l i n g .  A l l  i n t e r n a l  s u r f a c e s  a r e  c o a te d  w i th  
m a t t -b la c k  p a i n t ,  t o  m in im ise  r e f l e c t i o n s ,  a s  a r e  t h e  s u p p o r t  
s t r u c t u r e s  f o r  th e  m i r r o r s .  The box i s  s u p p o r te d  on h e i g h t -  
a d ju s t a b l e  l e g s  so t h a t  t h e  b ase  l e v e l  o f  t h e  o p t i c s  can  be 
a d ju s te d  i n  r e l a t i o n  to  t h e  a x i s  o f  th e  t e s t  c e l l / p r e s s u r e  v e s s e l  
and m onochrom ator. The o p t i c a l  a x i s  i s  76 mm (3 " )  above th e  b ase  
of th e  o p t i c s  box.
The d e t e c t i o n  o p t i c s  a re  purged  w i th  n i t r o g e n  to  e l i m in a te  
a tm o sp h e r ic  (C02 and H20 v apou r)  p e r t u r b a t i o n s .  The s u p e r f lu o u s  
space i n  th e  o p t i c s  box was f i l l e d  w ith  m a t t - b l a c k  p a in t e d ,  shaped 
p o ly s ty re n e  b lo c k s  t o  i n c r e a s e  th e  f l u s h i n g  e f f i c i e n c y .
The d e t e c t i o n  o p t i c s  box i s  b o l t e d  onto a  s i d e  f l a n g e  o f  th e  
monochromator and a d ju s tm e n ts  can  be made t o  l e v e l  th e  b ase  o f  the  
box w ith  t h a t  o f  th e  m onochrom ator. The r a d i a t i o n  i n l e t  to  t h e  
box, which c o n s i s t s  o f  a  s h o r t  25 mm ( t M) I .D .  b r a s s  tu b e  w i th  
f l a n g e ,  i s  b o l t e d  d i r e c t l y  on to  th e  f l a n g e  on th e  b a l l  v a lv e  of 
th e  p r e s s u r e  v e s s e l ,  th e  c o ld  window assem bly  l o c a t e d  betw een th e  
two form ing  th e  gas s e a l  a t  t h i s  p o in t .
.4  Monochrom ato r and D e te c to r
The r a d i a t i o n  l e a v in g  th e  d e t e c t i o n  o p t i c s  box i s  fo c u se d  on th e  
e n tra n c e  s l i t  o f  a G-rubb P a rso n s  M202 l o w - r e s o l u t i o n  g r a t i n g  
monochrom ator, which i s  o f  t h e  E b e r t  c o n f i g u r a t i o n  
( f i g .  1 ) .  The monochromator c o n ta in s  b a c k - to - b a c k  r e f l e c t i o n  
g r a t i n g s  c o v e r in g  th e  1-5 pm and 5-25 pm s p e c t r a l  r a n g e s  r e s p e c -
t i v e l y .  Both g r a t i n g s  have p lan e  a lu m in is e d  f a c e s .  The 1-5 jirn 
g r a t i n g  i s  76 cm (3") long  x 51 cm (2") h ig h ,  c o n ta in s  2950 
v e r t i c a l  l i n e s  p e r  c e n t im e tr e  o f  i t s  70 cm r u le d  l e n g t h ,  has a 
w ave leng th  c a l i b r a t i o n  a c c u ra c y  o f  b e t t e r  th a n  0.01 jam and th e  
w av e leng th  of th e  f i r s t  o rd e r  b la z e  i s  2 jam. The w aveleng th  of 
th e  r a d i a t i o n  r e a c h in g  th e  e x i t  s l i t  i s  v a r i e d  by r o t a t i n g  th e  
g r a t i n g  w i th  a s i n e - b a r  mechanism d r iv e n  by a m icrom eter  sc rew .
A l i n e a r  w av e len g th  c a l i b r a t i o n  i s  a c h iev e d  by means o f  the  
a v a i l a b l e  m ech an ica l  a d ju s tm e n t s .  The scan n in g  d r iv e  i s  e f f e c t e d  
by a b u i l t - i n  synchronous m o to r ,  a  c h o ic e  of t h r e e  speeds  ( 0 .2 ,
0 .4  and 0 .8  jum p e r  m inute  on t h e  1-5 jam g r a t i n g )  be ing  a v a i l a b l e  
by means of in te r c h a n g e a b le  g e a r  c o g s .
Two b i l a t e r a l  s l i t s  a re  co up led  and m a n u a l ly -o p e ra te d  from a s i n g l e  
cam. The w id th  o f  th e  two s l i t s  i s  v a r i a b l e  up t o  a maximum of
2 .05  mm, th e  e f f e c t i v e  s l i t  h e i g h t  ( l i m i t e d  by f i e l d  s l i t s )  b e in g  
a c o n s ta n t  12 .7  mm (-J" )•
When s e t  t o  s e l e c t  f i r s t - o r d e r  r a d i a t i o n  of a  c e r t a i n  w a v e len g th ,  
i t .  a l s o  t r a n s m i t s  second , t h i r d ,  e t c  r a d i a t i o n  a t  o n e - h a l f ,  one-  
t h i r d ,  e t c .  o f  th e  prime w a v e le n g th .  I t  i s  n e c e s s a r y ,  t h e r e f o r e ,  
to  u se  s u i t a b l e  f i l t e r s  to  r e j e c t  t h e - h i g h e r - o r d e r  r a d i a t i o n .  The 
f o l lo w in g  f i l t e r s  were u s e d :—-
( i )  Germanium F i l t e r :  edge p o s i t i o n  ( i e  5 /  t r a n s m is s io n )
a t  1 .65  pm, and 50 -  9 4 /  t r a n s m i s s io n  beyond 1 .8  jam.
( i i )  Lo P ass  F i l t e r :  edge p o s i t i o n  a t  2 .4  jam, and 50 -  9 6 /
t r a n s m is s io n  beyond 2 .5  jam.
( i i i )  Long Wave Pass  F i l t e r :  edge p o s i t i o n  a t - 2 .7 .u m ,  and
50 -  7 9 /  t r a n s m is s io n  beyond 3.1 jam.
A f i l t e r  h o l d e r ,  c ap ab le  o f  t a k i n g  up t o  f i v e  f i l t e r s ,  i s  l o c a te d  
im m ed ia te ly  b e fo r e  th e  e n t r a n c e  s l i t  of th e  m onochrom ator. I t  i s  
o p e ra te d  by a  d i a l  on th e  t o p  o f  t h e  monochromator c o v e r ,  th u s  
e n a b l in g  q u ic k  f i l t e r  changes d u r in g  o p e r a t io n .  One of t h e  f i l t e r  
h o ld e r  p o s i t i o n s  i s  occup ied  by  a  m a t t - b la c k  c i r c u l a r  m e ta l  d i s c  
t h a t  o p t i c a l l y  i s o l a t e s  th e  monochrom ator and d e t e c t o r  from t h e  
r e s t  o f  t h e  sy s tem .
The r a d i a t i o n  l e a v in g  th e  e x i t  s l i t  o f  th e  monochromator i s  f o c u s e d ,  
by an  a d j u s t a b l e  e l l i p s o i d a l  m i r r o r ,  on a  vacuum therm ocouple
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d e t e c t o r  c o n ta in in g  a caesium  io d id e  window. The monochromator 1
e x i t  s l i t  forms one fo c u s  of th e  m i r r o r ,  w h i l s t  th e  therm ocoup le  
i s  p o s i t io n e d  a t  th e  o th e r  f o c u s ;  m a g n i f ic a t i o n  i s  6 t im e s .  I
Two t i g h t  f i t t i n g  c o v e r s ,  w i th  r u b b e r  l i n e d  e d g e s ,  a re  b o l te d  i n t o  
p o s i t i o n  o v e r  th e  monochrom ator o p t i c s  and d e te c t o r ,  r e s p e c t i v e l y , 
and p u rg in g  l i n e s  a re  l o c a t e d ' i n  th e  t o p  o f  each  box. When n o t  
i n  u s e ,  th e  window of th e  th e rm o co u p le  d e t e c t o r  i s  p r o t e c te d  by 
an  e n c lo s in g  alum inium  tu b e  c o n ta in in g  s i l i c a  g e l ,  th e  l a t t e r  
b e in g  r e p la c e d  p e r i o d i c a l l y .
With th e  1-5 pm g r a t i n g  i n  u s e ,  0.1 p  of t h e  spec trum  i s  c o v e red  
by each  r e v o l u t i o n  o f  th e  s c a n n in g  m ic ro m e te r  screw  on th e  mono­
c h ro m a to r .  A m ic ro - s w i tc h ,  t r i g g e r i n g  th e  r e c o r d in g  system , i s  
c lo s e d  on each  q u a r t e r  r e v o l u t i o n  by a  cam on th e  m icrom eter  
sc rew . A d i g i t a l  c o n t r o l  u n i t  ( c o u n te r )  a l lo w s  th e  number o f 
d a t a  p o i n t s  re c o rd e d  on each  s c a n  t o  be m anua lly  s e l e c t e d  p r i o r  
t o  th e  s c a n .  When th e  number of d a t a  p o i n t s  scanned re a c h e s  t h e  
r e q u i r e d  number, th e  s c a n n in g  m ic ro m e te r  d r i v e  s t o p s .  S t a r t ,  s t o p  
and r e - s e t  f a c i l i t i e s  a r e  a v a i l a b l e  on th e  c o u n te r  a s  w e l l  a s  th e  
d a t a  p o in t  s e l e c t o r .
5 -5  R eco rd in g  Equipment
The sm a l l  e l e c t r i c  s i g n a l  em ana tin g  from t h e  i r r a d i a t e d  th erm o ­
coup le  d e t e c t o r  i s  p a ssed  to  a  Grubb P a rso n s  Type TA/10 a m p l i f i e r .  
T h is  i s  a  h ig h - g a in ,  low n o i s e ,  low f re q u e n c y  a m p l i f i e r  d e s ig n e d  
s p e c i f i c a l l y  f o r  u se  w i th  o p t i c a l  d e t e c t o r s  w i th  chopped i n c i d e n t  
r a d i a t i o n .  The low -im pedance d e t e c t o r  i s  matched to  th e  in p u t  
c i r c u i t  of th e  a m p l i f i e r  by means o f  a  s p e c i a l  sc ree n ed  t r a n s f o r m e r  
f o r  optimum r e s u l t s . '  The a m p l i f i e r  and in p u t  t r a n s fo rm e r  a re  
l o c a t e d  on a  t h i c k  sponge r u b b e r  mat to  p r o t e c t  them from m echan ica l 
v i b r a t i o n s .  An a d ju s t a b l e  z e r o  b i a s  i s  p ro v id e d ,  w h ile  th e  v o l t a g e  
g a in  o f  th e  a m p l i f i e r  i s  v a r i a b l e  up t o  a p p ro x im a te ly  2 .0  x 106 .
Both a m p l i f i e r  and t r a n s f o r m e r  a r e  tu n ed  to  th e  o p e ra t in g  f r e q u e n c y  
(10 Hz) o f  t h e  chopper w i th  a  b an dw id th  o f  1 Hz.
The B.C. o u tp u t  from th e  a m p l i f i e r  i s  f e d  to  a . S o l a r t r o n  LM 1420.2  
D i g i t a l  V o l tm e te r  (DVM) w i th  LU1718 punch u n i t ,  and a  R ik ad e n k i  2 -per 
C h a r t  R e co rd e r  Model B24. v
The c h a r t  f a c i l i t y  i s  u sed  p r i m a r i l y  to  r e c o r d  t r i a l  w av e len g th  
v e r s u s  energy  s p e c t r a  to  a s c e r t a i n  band l i m i t s .
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The t r i g g e r  mechanism on th e  scan  drum of th e  monochromator 
o p e ra te s  a r e e d  r e l a y ,  th e  o u tp u t  o f  which t r i g g e r s  th e  DVM, 
th e  in s t a n t a n e o u s  s i g n a l  l e v e l  b e ing  punched on p a p e r  ta p e  by 
an Addo ty p e  5 tap e  punch. The ta p e  punch has  an e v en -h o le  
p a r i t y  check f a c i l i t y  which h a l t s  th e  punch i n  th e  e v e n t  o f  a 
p a r i t y  e r r o r .  The d a t a  on th e  t a p e s  i s  p ro c e s s e d  on an ICL 1 905F 
d i g i t a l  com puter.
SECTION
EXPERIMENTAL
5
METHOD
PREPARATION
T es t  C e l l
Two t e s t  c e l l s  were used  i n  th e  e x p e r im e n ta l  i n v e s t i g a t i o n s  
( s e e  S e c t io n  4 ) .  The i n f r a s i l / q u a r t z  c e l l  was u sed  o n ly  a t  
am bient t e m p e r a tu re s  and was l o c a t e d  i n  th e  c e n t r a l  zone o f  th e  
main fu rn a c e  on a  s p e c i a l l y  c o n s t r u c t e d  s t e e l  " c r a d l e 11. The 
fu rn a c e  c o n t r o l  therm ocoup le  was p o s i t io n e d  i n  a  s p e c i a l  w e l l  
welded to  th e  c r a d l e  i n  c lo s e  p ro x im ity  to  th e  c e l l .  The q u a r t z  
gas l i n e  was co n n ec ted  t o  th e  main copper l i n e  v i a  a q u i c k - f i t  
c o n n e c t io n .
I n  th e  c ase  of th e  main s a p p h i r e / s t e e l  t e s t  c e l l  ( f i g  3 ) ,  two 
s a p p h i r e  window a s s e m b l ie s  were b o l t e d  i n t o  p o s i t i o n  a t  th e  ends 
o f  th e  c y l i n d r i c a l  s t a i n l e s s  s t e e l  body of th e  c e l l .  I n  each  
c a s e ,  a c i r c u l a r  co pper  g a s k e t  was l o c a t e d  i n  a groove p ro v id ed  
i n  a  r e c e s s  a t  each  end of th e  c e l l  body. The g a s k e t  was of 
sq u a re  c r o s s - s e c t i o n  and was h e a t - s o f t e n e d  b e f o r e  u s e .  The window 
assem bly  was p o s i t io n e d  o ve r  t h e  g a s k e t  w i th  t h e  l i p  o f  th e  
assem bly  i n  c o n ta c t  w i th  th e  g a s k e t .  A r i n g  f l a n g e  was p o s i t io n e d  
around th e  c y l i n d r i c a l  body o f  th e  assem bly  and p u l le d  down on th e  
l i p  o f  th e  assem b ly  by s i x  s t a i n l e s s  s t e e l  b o l t s .  A n t i - s c u f f i n g  
p a s te  was u sed  on th e  t h r e a d s  o f  th e  b o l t s .  The fu rn a c e  c o n t r o l  
th erm ocoup le  was l o c a t e d  i n  th e  body of t h e  c e l l ,  and t h e  whole 
c e l l  assem bly  was p o s i t io n e d  a lo n g  th e  c e n t r a l  a x i s  of t h e  fu rn a c e  
on a  s t e e l  c r a d l e .  The s t a i n l e s s  s t e e l  gas  e n t r y  l i n e ,  a rc -w e ld e d  
to  th e  c e l l  body, was co u p led  to  th e  main co p p er  l i n e  by b r a s s  
com press io n  f i t t i n g s  l o c a te d  o u t s id e  th e  f u r n a c e .  A r e s i s t a n c e  
m e te r  was used  to  check t h a t  t h e r e  was no s h o r t - c i r c u i t i n g  between 
th e  c e l l  body and th e  fu rn a c e  w in d in g s .
The i n t e g r i t y  of th e  co p p er  g a s k e t  i n  th e  c e l l  was t e s t e d  by 
p r e s s u r i s i n g  th e  c e l l  to  abou t 3 b a r  w i th  n i t r o g e n  a t  am bien t 
te m p e ra tu re  and n o t in g  any d ro p  i n  p r e s s u r e  on a  Bourdon gauge 
o v e r  a  p e r io d  of a b o u t  a  h a l f - h o u r .  The l a r g e  p r e s s u r e  d i f f e r e n t i a l  
(2 b a r)  a c r o s s  th e  windows, a l th o u g h  n o t  p r e s e n t  u n d e r  norm al 
o p e r a t in g  c o n d i t i o n s ,  was in te n d e d  t o  be a  s t r i n g e n t  t e s t .  In  
a c t u a l  f a c t  th e  s a p p h i r e  windows were d e s ig n e d  t o  w i th s ta n d  
d i f f e r e n t i a l s  a s  h ig h  a s  50 b a r  u n d e r  su ch  c o n d i t i o n s .
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When the  window a s s e m b l ie s  had been s e a le d  s a t i s f a c t o r i l y  to  
th e  c e l l  body, a d d i t i o n a l  the rm ocou p les  were l o c a t e d  on th e  
o u te r  s u r f a c e  of t h e  c e l l  and gas  e n t r y  l i n e .  The p r e s s u r e  
v e s s e l  end p l a t e  was b o l t e d  t o  the  r e c e i v i n g  f l a n g e ,  each  of the  
s i x t e e n  b o l t s  b e in g  t ig h t e n e d  t o  a to rq u e  o f  200 l b .  i n .  i n  a  s e t  
sequence , w i th  an in te r v e n i n g  M e ta f lex  c h e v r o n - s e a l  g a s k e t .
, 1 ,2  Source O p t ic s
A " c o ld ” window assem bly  ( f i g .  6 ) ,  k e p t  i n  a  d e s i c c a t o r  when n o t 
i n  u s e ,  was d is m a n t le d  on ly  when th e  sodium c h l o r i d e  window 
needed r e p l a c i n g  a s  a  r e s u l t  o f  e x te n s iv e  fo g g in g  o r  f r a c t u r e .
On such o c c a s io n s  th e  f l a t  ru b b e r  g a s k e t  l o c a t e d  betw een th e  
window and th e  alum inium  p r e s s u r e  p l a t e  was n o rm a l ly  r e p l a c e d .
The t i g h t n e s s  of th e  window i n  t h i s  assem bly  was n o t  c r i t i c a l  s in c e ,  
under norm al c o n d i t i o n s ,  th e  gas p r e s s u r e  i n  t h e  p r e s s u r e  v e s s e l  
would f o r c e  t h e  window a g a i n s t  th e  ru b b e r  0 -  r i n g  i n  t h e  assem bly  
to  e f f e c t  th e  s e a l .
The a ssem bly  was l o c a t e d  i n  a s h o r t  e x te n s io n  t u b e ,  w i th  f i x e d  
f l a n g e ,  em an a tin g  from  th e  c e n t r e  of t h e  p r e s s u r e  v e s s e l  end p l a t e .  
The assem bly  was p la c e d  betw een th e  f i x e d  f l a n g e  and a second , 
lo o s e  f l a n g e .  A c i r c u l a r  ru b b e r  g a s k e t  e f f e c t e d  th e  s e a l  betw een 
- th e  assem bly  and th e  f i x e d  f l a n g e  when th e  two f l a n g e s  were b o l te d  
t o g e t h e r .
The so u rc e  o p t i c s  box was p o s i t io n e d  on i t s  s u p p o r t  s u r f a c e  a t  th e  
end of th e  p r e s s u r e  v e s s e l  w i th  th e  b r a s s  e x te n s io n  tube  of th e  
box, i e .  t h e  r a d i a t i o n  o u t l e t ,  engaged i n  t h e  o u t e r  f l a n g e  o f  th e  
p r e s s u r e  v e s s e l .  The p u rg e - n i t r o g e n  l i n e  to  t h e  e x te n s io n  tu b e ,  
which was o f  s m a l l -b o re  copper t u b in g ,  was c o u p le d  up . F u r th e r  
n i t r o g e n  i n l e t s  were p ro v id ed  i n  th e  t o p  c o v e r  o f  th e  o p t i c s  box 
and were c o n n ec ted  to  th e  n i t r o g e n  su p p ly  p a r t l y  by r u b b e r  tu b in g  
f o r  f l e x i b i l i t y .
The N e rn s t  s o u rc e  was ta k e n  out of i t s  h o u s in g  and h e a te d -u p  u s in g  < 
th e  f lam e from, a  p ropane t o r c h .  A v a r i a c  was used  to  c o n t r o l  th e  
c u r r e n t  in p u t  t o  t h e  s o u r c e ,  b e in g  s e t  a t  a  low l e v e l  (ab o u t  0.4A)
: once th e  N e rn s t  had s t a r t e d  to  conduct e l e c t r i c i t y .  W ater c o o lin g
was p ro v id ed  to  th e  ho usin g  and th e  so u rc e  r e p o s i t i o n e d  i n s i d e  so 
t h a t  th e  a c t u a l  f i l a m e n t  was d i r e c t l y  o p p o s i t e  th e  c i r c u l a r  r a d i a ­
t i o n  o u t l e t  p ro v id e d  i n  th e  h o u s in g .
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The a lig n m en t  of th e  so u rce  o p t i c s  i s  d e s c r ib e d  i n  s e c t i o n  5 .1 .4  
s in c e  i t  i s  c a r r i e d  ou t i n  c o n ju n c t io n  w i th  t h a t  of th e  d e t e c t i o n  
o p t i c s .
1 .3  D e te c t io n  O p tic s
A second "c o ld "  window assem bly  was b o l t e d  betw een th e  b a l l  v a l ve 
f l a n g e  a t  th e  " d e t e c t i o n "  end o f  th e  p r e s s u r e  v e s s e l  and a s e p a r a t e  
c i r c u l a r  f l a n g e .  The b a l l  v a lv e  rem ained  open u n d e r  norm al c o n d i­
t i o n s  and was on ly  c lo s e d  i n  t h e  ev en t  o f  th e  c o ld  window f r a c tu r i r ig .  
The d e t e c t i o n  o p t i c s  box, monochromator and d e t e c t o r  box were 
l o c a t e d  on a  su p p o r t  t a b l e .
The b r a s s  e x te n s io n  tu b e ,  i e  r a d i a t i o n  i n l e t ,  on t h e  d e t e c t i o n  
o p t i c s  box was l o c a t e d  i n  th e  o u te r  f l a n g e  h o ld in g  th e  co ld  window. 
The b r a s s  n i t r o g e n - p u r g e  l i n e  on th e  e x te n s io n  tu b e  was coup led  to  
th e  main su p p ly  l i n e .  P u r g e - n i t r o g e n  i n l e t s  on th e  monochromator 
and d e t e c t o r  box c o v e rs  were co u p le d  to  p a r t i a l l y  r u b b e r - tu b in g  
su p p ly  l i n e s  f o r  f l e x i b i l i t y .
1 .4  O p t i c a l  A lignm ent
Once t h e 's o u r c e  o p t i c s  and d e t e c t i o n  o p t i c s  had been  p la c e d  i n  
p o s i t i o n  a t  o p p o s i te  ends o f  th e  p r e s s u r e  v e s s e l ,  i t  was n e c e s s a ry  
to  a l i g n  th e  o p t i c a l  components be tw een  th e  so u rc e  and d e t e c t o r .
The c o v e rs  on th e  d e t e c t o r  o p t i c s  and so u rc e  o p t i c s  were removed, 
and a K tth le r a l ig n m en t f a c i l i t y  ( f i g .  1 3 ) p o s i t io n e d  on a s p e c i a l l y -  
p re p a re d  l o c a t i o n  p l a t e  i n  th e  d e t e c t o r  h o u s in g .  The a l ig n m en t  
f a c i l i t y  c o n s i s t s  of a  m ercury a r c  lam p, a  " t e l e s c o p i c "  s e c t i o n  
w i th  two l e n s e s  o f  f o c a l  l e n g th s  65 mm and 50 mm, r e s p e c t i v e l y ,  
and a p la n e  m i r r o r  a n g le d  a t  45°0 to  t h e  a,xis o f  t h e  t e l e s c o p i c  
s e c t i o n .  The f a c i l i t y  was p o s i t i o n e d ,  a s  i n d i c a t e d  i n  f i g .  13, 
so t h a t  th e  e x i t  s l i t  o f th e -  m onochromator was i l l u m in a t e d  by th e  
fo cu sed  l i g h t  from  th e  s o u rc e .  The p o s i t i o n  of th e  a l ig n m en t 
f a c i l i t y  cou ld  be a l t e r e d  by t h r e e  a d j u s t a b l e  l e g s  so  t h a t  th e  
image on th e  s l i t  c o in c id e d  w i th  t h e  o p t i c a l  a x i s ,  which was 76 mm 
above th e  b ase  p l a t e  o f th e  box . The m ic ro m e te r  drum s e t t i n g  on 
th e  monochromator was p o s i t i o n e d  a t  2 .2  pm  so t h a t  t h e  4 t h - o r d e r  
m ercury  g re e n  e m is s io n  l i n e  was p roduced  a t  th e  e n t r a n c e  s l i t  t o  
th e  m onochrom ator. When th e  K Bhler u n i t  was s e t  up p r o p e r ly  th e  
s l i t  images produced  on t h e  two s p h e r i c a l  m i r r o r s  f l a n k in g  th e  
g r a t i n g  were o f  e q u a l  h e i g h t .  The g re e n  l i g h t  l e a v in g  th e
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monochromator was d i r e c t e d  t o  t h e  i n l e t  tube  of t h e  r e c e i v i n g  
o p t i c s  box by means of th e  p a ra b o lo id  and p lan e  m i r r o r s  t h e r e i n .  
A djustm ents  to  th e  m i r r o r s  were made to  en su re  t h a t  th e  g re e n  l i n e  
image was l o c a t e d  a t  th e  c e n t r e s  o f th e  m i r r o r s  and th e  i n l e t  t u b e .  
I f  n e c e s s a ry ,  th e  v e r t i c a l  p o s i t i o n  of th e  t h r e e  s e c t i o n s  of th e  
d e t e c t i o n  o p t i c s  cou ld  be a l t e r e d  by means of t h e  h e ig h t  a d j u s t i n g  
l e g s  on each  box ( f o u r  on th e  m onochrom ator, and one each  on th e  
r e c e i v i n g  and d e t e c t o r  b o x e s ) . The r e c e iv in g  o p t i c s  box cou ld  a l s o  
be moved r e l a t i v e  t o  th e  m onochromator by a s l i d e  r a i l  l o c a t e d  on 
th e  l a t t e r ,  movement b e in g  p e r p e n d ic u la r  to  th e  r a d i a t i o n  p a th  
between th e  two.
I n  t h i s  manner, th e  image o f  th e  g re e n  l i n e  r a d i a t i o n  cou ld  he 
d i r e c t e d  th ro u g h  th e  d e t e c t i o n  o p t i c s ,  a long  th e  o p t i c a l  a x i s ,  
and th ro u g h  th e  p r e s s u r e  v e s s e l  and t e s t  c e l l  t o  emerge i n t o  th e  
sou rce  o p t i c s .  I n  a  s i m i l a r  manner t h e  components o f  t h e  so u rc e  
o p t i c s  box , i e .  p lan e  and p a ra b o lo id  m i r r o r ,  co u ld  be a d ju s t e d  so 
t h a t  th e  image of th e  m ercury  g re e n  l i g h t  was f o c u s e d ,  th ro u g h  th e  
chopper, t o  th e  c e n t r e  of t h e  r a d i a t i o n  o u t l e t  i n  th e  so u rc e  
h o u s in g .  The s o u rc e  o p t i c s  box cou ld  be moved b o d i ly  on i t s  su p p o r t  
t a b l e  to  en su re  t h a t  t h e  g re e n  l i n e  image was i n c i d e n t  a t  th e  c e n t r e  
o f  th e  p l a i n  m i r r o r ;  th e  b r a s s  tu b e  o u t l e t  to  t h e  box b e in g  o n ly  
l o o s e ly  l o c a t e d  i n  t h e  p r e s s u r e  v e s s e l  f l a n g e .  The h e ig h t  a d j u s t ­
a b le  l e g s  on th e  so u rc e  o p t i c s  box en su red  t h a t  t h e  g ree n  l i n e  
image was on th e  o p t i c a l  a x i s  i e .  76 mm above th e  b ase  p l a t e  of th e  
box.
I t  was p o s s i b l e ,  i f  r e q u i r e d ,  t o  check th e  o p t i c a l  p a th  be tw een  
so u rce  and d e t e c t o r  u s in g  a  q u a r t z - i o d i n e  tu n g s te n  f i l a m e n t  lamp 
i n  p la c e  o f  th e  N e rn s t  f i l a m e n t :  th e  N e rn s t  does n o t  e m it  s u f f i c i e n t  
r a d i a t i o n  i n  th e  v i s i b l e  r e g i o n  t o  a l lo w  i t s  u se  f o r  o p t i c a l  
a l ig n m e n t .  The t u n g s t e n  f i l a m e n t  lamp could  be l o c a t e d  i n  t h e  
so u rce  h o u s in g  to  t e m p o r a r i l y  r e p l a c e  th e  N e rn s t .  U sing  th e  
t u n g s te n  f i l a m e n t  so u rc e  and th e  m ercury  lam p/K tth ler  u n i t , a  more 
p r e c i s e  a l ig n m en t  o f  so u rc e  and d e t e c t o r  o p t i c s  can be a c h ie v e d  
i f  th e  images o f  th e  two s o u r c e s  a r e  fo c u se d  t o g e t h e r  on th e  
v a r i o u s 1 components a lo n g  th e  o p t i c a l  p a th .  The K tth ler u n i t  can  
th e n  be removed i n  o r d e r  to  a l i g n  t h e  e l l i p s o i d a l  d e t e c t o r  m i r r o r  
r e l a t i v e  to  th e  th e rm o co up le  d e t e c t o r  ho us in g  u s in g  t h e  t u n g s t e n  
f i la m e n t  s o u rc e .
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I t  sh o u ld ,  however, be s t r e s s e d  a t  t h i s  p o in t  t h a t  the  a lig n m en t 
o f  the  so u rce  o p t i c s  i s  f a r  l e s s  c r i t i c a l  th a n  th e  d e t e c t i o n  o p t i c s  
and so any m inor mismatch betw een th e  p o s i t i o n i n g  o f  th e  tu n g s te n  
and N e rn s t  f i l a m e n t s  i s  no t c r i t i c a l .
.5  R ecord ing  S y s te m
A f te r  th e  a l ig n m en t of th e  o p t i c a l  sy s tem , th e  N erns t  f i la m e n t  was 
r e p la c e d  i n  th e  so u rc e  h o u s in g  and th e  c u r r e n t  in p u t  r a i s e d  to  th e  
o p e ra t in g  l e v e l  ( 0 .8  to  0 .9 A ).  The the rm ocoup le  a m p l i f i e r ,  d i g i t a l  
v o l tm e te r  (DVM) and c h a r t  r e c o r d e r  had been  sw itc h ed  on p r i o r  to  
th e  a lig nm en t o f th e  o p t i c s  t o  a l lo w  f o r  "warm u p " .  A m p lif ie r  
g a in ,  DVM and c h a r t  r e c o r d e r  s e t t i n g s  were s e l e c t e d  as  a p p r o p r i a t e .  
The monochromator was s e t  to  p a ss  r a d i a t i o n  of a  s u i t a b l e  wavelength 
i e .  one a t  which the  r a d i a t i o n  i n t e n s i t y  was ex pec ted  to  be h ig h  
w i th  m inim al or no a tm o sp h e r ic  a t t e n u a t i o n .  The cover was removed 
from th e  d e t e c t o r ,  th e  chopper sw itc h ed  on and th e  e l l i p s o i d a l  
d e t e c t o r  m i r r o r  was r e - a l i g n e d ,  by means of two of i t s  t h r e e  s p r i n g -  
lo ad ed  a d ju s t i n g  sc rew s, t o  g iv e  a  maximum s i g n a l  as  i n d ic a t e d  on 
th e  c h a r t  r e c o r d e r .  I f  n e c e s s a r y  th e  m i r r o r  cou ld  be moved on i t s  
m ounting , r e l a t i v e  t o  th e  d e t e c t o r ,  u n t i l  t h e  s i g n a l  was maximised 
and th e  s p r in g - lo a d e d  s e t  sc rew s used  f o r  f i n e  a d ju s tm e n t .  As a  
f i n a l  a d ju s tm e n t ,  the  speed  of t h e  chopper was c a r e f u l l y  v a r i e d  
u n t i l  th e  s i g n a l  was a g a in  m axim ised . This ”tu n e d ” th e  f req u e n cy  
o f  th e  chopper t o  t h a t  o f  t h e  th erm ocoup le  a m p l i f i e r .
.6  S t a r t - u p  P rocedu re
The p r e s s u r e  v e s s e l  and t e s t  c e l l  were e v ac u a ted  and th en  f i l l e d  
w ith  n i t r o g e n  a t  abou t 1 .3  b a r .  W ater was p a sse d  th rough  th e  
c o o l in g  j a c k e t  on th e  o u t s id e  of th e  p r e s s u r e  v e s s e l .
The r e q u i r e d  o p e ra t in g  te m p e ra tu re  o f  t h e  t e s t  c e l l  was s e t  on th e  
d i g i t a l  s e l e c t o r  on th e  d i s p l a y  p a n e l  of th e  Eurotherm  fu rn a c e  
c o n t r o l l e r .  T h is  was n o rm a lly  c a r r i e d  ou t i n  s t a g e s ,  th e  s e t  
te m p e ra tu re  b e ing  r a i s e d  in c r e m e n t a l ly  as  t h e  a c t u a l  te m p e ra tu re  
( i n d i c a t e d  by th e  c o n t r o l  therm ocoup le  and d i s p la y e d  on th e  p a n e l )  
approached  each  s e t  te m p e r a tu re .  I n  t h i s  way th e  te m p e ra tu re  o f  
th e  system  cou ld  be r a i s e d  g r a d u a l ly  and e v e n ly ,  and te m p e ra tu re  
”o v e rs h o o t” av o id e d .  This l a t t e r  c o n s i d e r a t i o n  was e s p e c i a l l y  
im p o r ta n t  a t  th e  h ig h e r  o p e r a t in g  t e m p e r a tu re s  where l i m i t a t i o n s  
were imposed on the  window b ra z e  m a t e r i a l .  The two end h e a t e r s
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were sw itched  on and th e  se co n d a ry  v o l t a g e s  of each s e t  to  
p re -d e te rm in e d  l e v e l s  by means of th e  v a r i a c s .
The DVM, a m p l i f i e r ,  d a t a  p o i n t  c o u n te r ,  monochromator and c h a r t  
r e c o r d e r  were sw itc h e d  on to  a l lo w  tim e f o r  "warm up " . I f  r e q u i r e d ,  
th e  w a te r  r e s e r v o i r  fu r n a c e  and g a s  l i n e  h e a t in g  ta p e s  were 
sw itched  on ( s e e  S e c t io n  5 - 2 . 3 ) .
Water was s u p p l ie d  t o  th e  o u t e r  j a c k e t  o f  t h e  so u rce  h ous ing  and 
to  th e  so u rc e  t a r g e t .  The so u rc e  was l i t  up , a s  i n d i c a t e d  i n  
s e c t i o n  5 .1 . 2 ,  p o s i t io n e d  i n  i t s  h o u s in g  and th e  to p  co v er  p l a t e  
p lac ed  on th e  h o u s in g .  The to p  co v er  o f  th e  so u rc e  o p t i c s  box 
was b o l te d  i n to  p o s i t i o n ,  w i th  i t s  i n t e r v e n i n g  ru b b e r  g a s k e t ,  and 
th e  p u r g e - n i t r o g e n  su p p ly  tu r n e d  on and s e t  to  th e  r e q u i r e d  r a t e ,  
a s  i n d ic a t e d  by an i n - l i n e  r o t a m e t e r .
S u i t a b le  o p t i c a l  f i l t e r s  were removed from t h e i r  s t o r a g e  d e s i c c a t o r  
and p lac ed  i n  th e  f i l t e r  - - tu r re t  h o ld e r  l o c a t e d  i n  th e  m onochromator 
c o v e r .  The therm ocoup le  co v e r  was removed and , i f  n e c e s s a r y ,  th e  
e l l i p s o i d a l  m ir ro r  a d ju s t e d  to  g iv e  th e  maximum s i g n a l ,  a s  i n d i c a t e d  
on th e  DVM, a t  a  s e l e c t e d  w a v e le n g th .  The c o v e rs  were r e p l a c e d  on 
th e  t h r e e  d e t e c t i o n  o p t i c s  boxes and p u r g e - n i t r o g e n  s u p p l i e d  to  
each , the  r a t e  b e in g  i n d i c a t e d  on an  i n - l i n e  r o ta m e te r .
The p aper  ta p e  punch was sw itc h e d  on, t h e  so u rc e  t e m p e ra tu re  r a i s e d  
t o  i t s  f i n a l  o p e r a t in g  l e v e l  (by means of th e  c o n t r o l  v a r i a c )  and 
th e  chopper m otor sw itc h e d  on . The w a te r - c o o le d  t a r g e t  i n  f r o n t  
o f  th e  so u rc e  was moved i n t o  th e  o p t i c a l  p a th  w h ile  th e  z e ro  r e a d in g  
on th e  a m p l i f i e r  was s e t .
2 OPERATION
2.1 O u tl in e
The t e s t  c e l l  and p r e s s u r e  v e s s e l  were e v a c u a te d  by means of th e  
vacuum pump. A t r i a l  " t r a n s m is s io n "  sc a n  was c a r r i e d  o u t o v e r  t h e  
waveband o f  i n t e r e s t ,  s u i t a b l y  e x te n d ed  t o  h ig h e r  and lo w e r  wave­
l e n g t h s ,  t h e  spec trum  b e in g  re c o rd e d  o n ly  on t h e  c h a r t  r e c o r d e r .  
S u i t a b le  f i l t e r s  were u sed  o v e r  t h e  sc a n  ra n g e .
The t e s t  gas  was a d m i t te d  to  th e  t e s t  c e l l  up to  th e  maximum
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p re s s u re  u n d e r  i n v e s t i g a t i o n .  N it ro g e n  was a d m it te d  to  th e  
p re s s u re  v e s s e l  a t  th e  same t im e ,  so a s  to  m a in ta in  a minimum 
p re s s u re  d i f f e r e n t i a l  a c r o s s  th e  t e s t  c e l l  windows. A t r i a l  
" a b s o rp t io n "  scan  was c a r r i e d  out over th e  same waveband covered  
i n  th e  " t r a n s m is s io n "  s c a n .  The sp ec trum  was superim posed  over 
the  " t r a n s m is s io n "  sp ec tru m  on th e  c h a r t  r e c o r d e r .  In  t h i s  way 
th e  l i m i t s  of each waveband could  be a s c e r t a i n e d  f o r  each  gas and 
gas m ix tu re  p r i o r  t o  t h e  d a t a  ru n s .
The t e s t  c e l l  and p r e s s u r e  v e s s e l  were a g a in  e v a c u a te d  f o r  about 
f i v e  m in u te s  t o  e n su re  com plete  d e - g a s s in g .  The m ic rom ete r  scan  
drum was s e t  to  t h e  s t a r t i n g  w av e leng th  and th e  number of r e q u i r e d  
d a ta  p o i n t s  s e l e c t e d  on th e  scan  c o u n te r .  A s u i t a b l e  f i l t e r  was 
s e l e c t e d ,  a  s u i t a b l e  g a in  s e t  on th e  the rm ocou p le  a m p l i f i e r  and th e  
m ech an ica l  s l i t  w id th  s e t  a s  r e q u i r e d .  The ch o p p er  was sw itch ed  
on, th e  w a te r - c o o le d  t a r g e t  i n  f r o n t  o f  th e  s o u rc e  moved out of 
th e  o p t i c a l  p a th ,  and th e  ta p e  punch d r iv e  sw itc h e d  on. The 
" t r a n s m is s io n "  scan  was c a r r i e d  o u t and th e  d a t a  c o l l e c t e d  on a 
paper t a p e .
The t e s t  gas  was a d m i t te d  to  th e  t e s t  c e l l  to  th e  lo w e s t  p r e s s u r e  
to  be i n v e s t i g a t e d .  N i t ro g e n  was a d m it te d  t o  t h e  p r e s s u r e  v e s s e l  
a t  the  same t im e ,  so  t h a t  t h e  p r e s s u r e  d i f f e r e n t i a l  between th e  
two was m in im a l.  The m ic ro m ete r  s c a n  drum was r e t u r n e d  to  t h e  
s t a r t i n g  w a v e le n g th ,  and t h e  scan  c o u n te r  z e ro e d ;  a l l  o t h e r  
s e t t i n g s  were u n a l t e r e d .  An " a b s o rp t io n "  scan  was c a r r i e d  ou t 
and th e  d a t a  c o l l e c t e d .  The p r e s s u r e  of t h e  t e s t  gas  was r a i s e d  
to  th e  second  l e v e l  to  be i n v e s t i g a t e d ,  and a  second " a b s o rp t io n "  
scan  c a r r i e d  o u t .  The p ro ce d u re  was r e p e a t e d  u n t i l  th e  a b s o r p t io n  
a t  th e  h i g h e s t  o p e r a t i o n a l  t e s t - g a s  p r e s s u r e  had been  m easured .
Gas M ix tu re  P r e p a r a t io n s
The t e s t  gas  was s u p p l i e d  t o  th e  t e s t  c e l l  from  one of t h r e e  
s o u r c e s : -
( i )  D i r e c t l y  from  pure  gas (ca rb o n  monoxide o r  ca rb o n  d io x id e )  
c y l i n d e r s .
( i i )  From a  " d ry -g a s "  r e s e r v o i r  c o n ta in in g  GO a n d /o r  C02 w ith  
n i t r o g e n .
( i i i )  From a w a te r  r e s e r v o i r  c o n ta in in g  e i t h e r  pure  w a te r  vapour 
o r  a  m ix tu re  o f w a te r  vapour w i th  C02 a n d /o r  N2 .
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• 1 P r e p a r a t io n  o f  "Dry-G-as” Mixtu r e :
The fo l lo w in g  p rocedu re  was used  to  f i l l  th e  " d r y - g a s ” r e s e r v o i r  
" ;w i th ,  f o r  exam ple, a  m ix tu re  o f  ca rb o n  d io x id e  w i th  n i t r o g e n .  
R e fe ren ce  should  be made t o  f i g u r e  7 ., A l l  v a lv e s  were checked to  
be c lo s e d .  V alves 6 , 10, 13 and 14 were opened and th e  vacuum pump 
s t a r t e d .  The a i r - b a l l a s t  v a lv e  on t h e  pump was f u l l y  open. Valve 
11 was s lo w ly  opened, fo l lo w e d  by v a lv e  16. When v a lv e  16 was 
f u l l y  open and a f u l l  vacuum re c o rd e d  on th e  compound gauge G1 , th e  
b a l l a s t  v a lv e  on th e  pump was c lo s e d .  V alves 11 and 13 were c lo s e d .  
The main v a lv e  on th e  ca rb o n  d io x id e  c y l i n d e r  was opened and th e  
r e q u i r e d  d i s c h a rg e  p r e s s u r e  s e t  on th e  r e g u l a t o r .  Valve 4 (o r  5) 
was opened. N eedle  v a lv e  13 was s lo w ly  opened u n t i l  th e  r e q u i r e d  
p r e s s u r e  had been  re c o rd e d  on th e  gauge G1 . V alves 4 (o r  5) and 16 
were c lo s e d  and v a lv e  13 f u l l y  opened . The b a l l a s t  v a lv e  on th e  
vacuum pump was opened and v a lv e  11 opened, fo l lo w ed  by v a lv e  7 .
Valve 6 was c lo s e d ,  th e  main v a lv e  on t h e  n i t r o g e n  c y l i n d e r  opened , 
and th e  r e g u l a t o r  s e t  to  t h e  r e q u i r e d  p r e s s u r e ,  i e .  i n  e x c e s s  of th e  
p r e s s u re  o f  th e  C02 . Valve 11 was c lo s e d ,  and v a lv e  1 (o r  2) opened .
The f i n a l  r e q u i r e d  p r e s s u r e  o f  th e  m ix tu re ,  a s  in d ic a t e d  on th e
gauge G-1 , was a d ju s te d  on th e  n i t r o g e n  r e g u l a t o r .  Valve 16 was 
opened q u ic k ly  th e n  c lo s e d .  Valve 10 was c lo s e d  and 11 opened.
V alves  13, th e n  11, were c lo s e d .  Valve 16 was opened and t h e  
m ix tu re  p r e s s u r e  checked on t h e  gauge G1. The ad m iss io n  o f  n i t r o g e n  
was r e p e a te d  i f  n e c e s s a r y .  F i n a l l y ,  v a lv e  16 was c lo se d  and v a lv e  11 
opened to  c l e a r  th e  gas  l i n e s .  The g a s  b a l l a s t  v a lv e  was c lo s e d ,  
v a lv e  11 c lo s e d  and th e  vacuum pump sw itc h e d  o f f .  Valve 12 was 
opened to  e l im in a te  the  vacuum i n  th e  pump.
.2  P r e p a r a t io n  o f  "Wet-Gas" M ix tu r e :
The f i l l i n g  of t h e  w a te r  r e s e r v o i r  w i th ,  f o r  exam ple, a m ix tu re  of
w a te r  and n i t r o g e n  was c a r r i e d  o u t  a s  f o l lo w s .  A l l  v a lv e s  were
checked t o  be c lo s e d .  A r e s i s t a n c e  m e te r  was used to  check f o r  
s h o r t - c i r c u i t i n g  betw een th e  r e s e r v o i r  s h e l l  and th e  f u rn a c e  
w in d in g s .  The end c o v e rs  were r e p l a c e d  on th e  r e s e r v o i r  which was 
l o c a te d  i n  i t s  f u rn a c e .  The r e q u i r e d  te m p e ra tu re ,  i e .  20°0 above 
th e  s a t u r a t i o n  te m p e ra tu re  o f  th e  w a te r  v a p o u r  ( m ix tu r e ) ,  was s e t  
by means of t h e  p o t e n t i o m e t r i c  d i a l  on th e  fu r n a c e  c o n t r o l l e r ,  and 
th e  fu rn a c e  sw itched  on. The h e a t in g  t a p e s  a round th e  gas  su p p ly  
l i n e s  were sw itch ed  on, th e  c o n t r o l l i n g  v a r i a c s  b e in g  s e t  a t  p r e ­
d e te rm in e d  l e v e l s .  The t e m p e r a tu r e s  a t  v a r io u s  p o in t s  w i t h in  t h e
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h ea ted  system  were m o n ito red  by th e rm o co u p le s ,  when th e  r e q u i r e d  
minimum te m p e ra tu re s  had been  a t t a i n e d ,  v a lv e s  7 ,  10, 17, 21 and 22 
were opened. The vacuum pump was sw itch ed  on w i th  t h e  a i r  b a l l a s t  
v a lv e  open. Valve 11 was opened s low ly  and th e  r e s e r v o i r  ev ac u a ted  
f o r  about f i v e  m in u te s  w i th  th e  b a l l a s t  v a lv e  c lo s e d .  Valve 17 was 
c lo se d  and v a lv e  20 opened s lo w ly .  Steam was s u p p l ie d  from a 
g e n e r a to r  p ro d u c in g  h i g h - p u r i t y  steam  from  d i s t i l l e d  w a te r  and w i th  
m inim al t r a c e s  o f  d i s s o l v e d  a i r .  The su p p ly  l i n e  from g e n e r a to r  to  
r e s e r v o i r  was purged  w ith  th e  steam  f o r  s e v e r a l  m in u te s  b e fo r e  
adm iss ion  t o  th e  r e s e r v o i r .  Steam was a d m i t te d  to  th e  r e s e r v o i r  up 
to  th e  r e q u i r e d  p r e s s u r e  a s  i n d i c a t e d  on th e  compound gauge , G2.
V alves 21, t h e n  20 , w ere  c lo s e d .  The b a l l a s t  v a lv e  on t h e  vacuum 
pump was opened, and v a lv e  17 opened s low ly  to  e v a c u a te  t h e  gas 
l in e s *  When th e  added s team  had s t a b i l i s e d  i n  th e  r e s e r v o i r ,  v a lv e  
11 was c lo s e d  and n i t r o g e n  a d m it te d  to  th e  sy s te m  th ro u g h  v a lv e  1 
(o r  2 ) .  The f i n a l  r e q u i r e d  p r e s s u r e  o f  t h e  m ix tu re  was c o n t r o l l e d  
by th e  n i t r o g e n  c y l i n d e r  r e g u l a t o r .  Valve 21 was opened q u ic k ly ,  
th en  c lo se d  and th e  f i n a l  p r e s s u r e  of t h e  m ix tu re  i n  th e  r e s e r v o i r  
checked. Any changes i n  t h e  te m p e ra tu re  o f  th e  r e s e r v o i r  were n o ted .  
I f  n e c e s s a ry  th e  i n t r o d u c t i o n  of f u r t h e r  n i t r o g e n  was c a r r i e d  o u t .  
F i n a l l y ,  w i th  v a lv e  21 c lo se d , '  v a lv e  1 (o r  2) was c lo s e d  and v a lv e  
11 opened to  e v a c u a te  t h e  g a s  l i n e s .  The g as  b a l l a s t  v a lv e  was 
c lo s e d ,  th e  vacuum pump s to p p e d  and v a lv e  12 m o m e n ta r i ly  and s lo w ly  
opened to  c l e a r  t h e  vacuum i n  t h e  pump.
Gas A dm ission
With a l l  v a lv e s  c lo s e d ,  th e  vacuum pump was sw itc h e d  on (w ith  gas 
b a l l a s t ) . The p r e s s u r e  v e s s e l  was ev acu a ted  by opening  v a lv e s  7 t o  
11 i n c l u s i v e .  The t e s t  c e l l  was e v ac u a ted  by o p en in g  v a lv e s  11, 17,
18 and 19. I f  th e  g a s  i n  b o th  t h e  p r e s s u r e  v e s s e l  and t h e  t e s t  c e l l  
was a t  a tm o sp h e r ic  p r e s s u r e ,  th ey  could  be e v a c u a te d  s e p a r a t e l y  
w ith o u t dan g er  o f f r a c t u r i n g  th e  windows of th e  t e s t  c e l l .  I f  th e  
t e s t  gas was a t  e l e v a t e d  p r e s s u r e  and " d ry ” , b o th  v e s s e l s  could  be 
evacuated  t o g e t h e r .  With w a te r  vapour as  ( p a r t  o f)  th e  t e s t  g a s ,  i t  
was d e s i r a b l e  t o  a v o id  d i f f u s i o n  of w a te r  v ap o u r  to  t h e  p r e s s u r e  
v e s s e l  o r  t h e  u n h e a te d  g a s  l i n e s  where c o n d e n s a t io n  m igh t have 
o c c u r re d .  E v a c u a t io n  i n  t h e s e  c a se s  was n o rm a lly  c a r r i e d  out by 
e v a c u a t in g  th e  t e s t  c e l l  s lo w ly ,  by g r a d u a l ly  open ing  v a lv e  19 w i th  
v a lv e s  11, 17 and 18 open, and d i s c h a rg in g  n i t r o g e n  t o  t h e  atmosphere 
( o u t s id e  th e  l a b o r a t o r y )  by manual o p e r a t io n  of t h e  d i s c h a r g e  solenoid  
v a lv e  24. I n  t h i s  manner i t  was p o s s ib le  t o  k eep  th e  p r e s s u r e
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d i f f e r e n c e  a c r o s s  the  t e s t  c e l l  windows to  a minimum i e .  l e s s  
th an  0 .3  h a r  (4 .5  p s i )  • Once th e  n i t r o g e n  p r e s s u r e  had reach ed  
a tm o sp h e r ic  i t  could  be e v a c u a te d  i n  th e  norm al way.
The t e s t  gas  was a d m it te d  t o  th e  t e s t  c e l l  from  one o f  t h r e e  
s o u r c e s : -
( i )  From th e  pure g a s  c y l i n d e r s ;  v a lv e s  3> 4 or 5 and v a lv e s
10, 17, 18 and 19 were opened , and th e  g as  flow  c o n t r o l l e d  
by n e e d le  v a lv e  6.
( i i )  From th e  "dry" gas r e s e r v o i r ;  v a lv e s  14 and 16-19
i n c l u s i v e  were opened and t h e  gas f low  c o n t r o l l e d  by
n e e d le  v a lv e  13.
( i i i )  From th e  w a te r  r e s e r v o i r ;  v a lv e s  18, 21 and 22 were
opened and th e  gas f low  c o n t r o l l e d  by g lo b e  v a lv e  19.
The t e s t  gas  was a d m it te d  to  th e  t e s t  c e l l  s lo w ly  so a s  t o  avo id  
sudden te m p e ra tu re  changes w i t h i n  t h e  c e l l ;  t h i s  reduced  th e  
p o s s i b i l i t y  o f  f r a c t u r i n g  th e  c e l l  windows.
N i t ro g e n  was p assed  to  th e  p r e s s u r e  v e s s e l  t o  e q u a l i s e  th e  
p r e s s u r e  a c r o s s  the  t e s t  c e l l  windows. The n i t r o g e n  was c o n t r o l l e d  
by v a lv e  8 ,  w i th  v a lv e s  1 (o r  2) and 9 open. T h is  was e a s i l y  
c a r r i e d  ou t m anua lly  because  o f  t h e  s low  r a t e  a t  which th e  t e s t  
g a s  was added .
\
W ith "dry" g a s e s ,  a p r e s s u r e  s w i tc h  was used  t o  a u to m a t i c a l ly  
m a in ta in  a  low p r e s s u r e  d i f f e r e n c e  a c r o s s  th e  c e l l  windows by 
a d m i t t in g  o r  e x h a u s t in g  n i t r o g e n  to  and  from  th e  p r e s s u r e  v e s s e l  
th ro u g h  s o le n o id  v a lv e s  23 and 24 r e s p e c t i v e l y .
Scan P ro c ed u re
The o p t i c a l  sy s tem  was a l i g n e d  and th e  norm al o p e ra t in g  c u r r e n t  was 
s u p p l i e d  to  th e  so u rc e  l o c a t e d  i n  i t s  w a te r - c o o le d  .housing . The 
chopper was sw itc h e d  on and th e  c o v e r  removed from  th e  d e t e c t o r .
The co ver  p l a t e s  were r e p la c e d  o v e r  th e  so u rc e  and d e t e c t i o n  o p t i c s  
boxes and p u r g e - n i t r o g e n  s u p p l i e d  to  b o th .  The monochromator and 
r e c o r d in g  equipm ent was s w itc h e d  on . The i n i t i a l  w ave leng th  of th e  
sp ec tru m  to  be scanned  was s e l e c t e d  on th e  m ic ro m e te r  scan  drum. 
The number o f  d a t a  p o in t s  p e r  s c a n  was s e l e c t e d  and th e  z e ro  s e t  
on th e  d i g i t a l  s c a n  c o u n te r .  A s u i t a b l e  g a in  s e t t i n g  was s e l e c t e d
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on th e  therm ocoup le  a m p l i f i e r ,  an a p p ro p r i a te  o p t i c a l  f i l t e r  
s e l e c te d  and t h e  monochromator s l i t - w i d t h  s e t .  The sc an  speed  
was s e l e c t e d  by f i t t i n g  th e  a p p r o p r i a t e  g e a r s  to  th e  s h a f t s  
lo c a te d  on th e  m onochrom ator, and th e  d a ta  punch d r iv e  sw itch ed  
on. S u i t a b l e  f u l l - s c a l e  d e f l e c t i o n s  were s e t  on th e  DVM a n d /o r  
c h a r t  r e c o r d e r .  The w a te r - c o o le d  s h u t t e r  (o r  s o u rc e  t a r g e t )  was 
p o s i t io n e d  i n  th e  o p t i c a l  p a th  and th e  a m p l i f i e r  and DVM z e r o s  s e t .  
The m ic ro sw itch  on th e  scan  drum was d e p re s se d  m an u a lly  t h r e e  t im e s  
and th e  DVM z e r o s  r e c o rd e d  on th e  p ap e r  t a p e .  The s h u t t e r  was 
removed from t h e  o p t i c a l  p a th ,  th e  s t a r t  b u t to n  d e p re s s e d  on th e  
scan  c o u n te r  and t h e  sc a n  d a ta  c o l l e c t e d  on p a p e r  t a p e .  The t e s t  
c e l l  t e m p e ra tu re  and p r e s s u r e  was m on ito red  th ro u g h o u t  th e  s c a n .
When th e  sc a n  was c o m p le te ,  th e  d a t a  p o in t  i n d i c a t o r  was checked 
a g a in s t  th e  d a t a  p o in t  s e t t i n g  on th e  scan c o u n te r ,  and th e  punch 
d r iv e  sw itch ed  o f f .  The scan  drum was r e tu r n e d  to  th e  s t a r t i n g  
w ave leng th , t h e  s c a n  c o u n te r  z e ro  r e - s e t  and th e  scan  r e p e a te d  a s  
many t im es  as  r e q u i r e d .  A f t e r  t h e  f i n a l  s c a n ,  th e  s h u t t e r  was 
p o s i t io n e d  i n  th e  o p t i c a l  p a th  and th e  m ic ro sw itc h  on th e  scan  drum 
a g a in  t r i g g e r e d  m a n u a lly  t h r e e  t im e s .  The i n i t i a l  i n t e n s i t y  l e v e l  
f o r  each s c a n ,  which c o r re s p o n d s  to  a  z e ro  a b s o r p t io n  w a v e le n g th ,  
was checked to  be c o n s i s t e n t .
For a c e r t a i n  g as  m ix tu r e ,  d a t a  c o l l a t i o n  was c a r r i e d  out i n  t h r e e  
d i s t i n c t  p h a se s .  The f i r s t  was a  t r i a l  s c a n ,  to  a s c e r t a i n  the  
w avelength  l i m i t s  o f th e  v a r io u s  s p e c t r a l  b a n d s .  For t h e s e  s c a n s ,  
c o n s i s t in g  of a  " t r a n s m i s s io n ” s c a n  and an " a b s o r p t i o n ” sc a n  a t  
maximum gas  (m ix tu re )  p r e s s u r e ,  d a t a  was d i s p la y e d  s o l e l y  on th e  
c h a r t  r e c o r d e r .  For each  s p e c t r a l  band i n v e s t i g a t e d ,  t h e  " t r a n s ­
m is s io n ” scan  was c a r r i e d  o u t  w i th  th e  t e s t  c e l l  and p r e s s u r e  v e s s e l  
e v a c u a te d .  D ata  was r e c o rd e d  on p a p e r  t a p e .  The " t r a n s m is s io n "  
scan  was fo l lo w e d  by a  number of " a b s o r p t io n ” s c a n s ,  w i th  the  t e s t  
gas  m ix tu re  a d m it te d  t o  th e  t e s t  c e l l  a t  s e l e c t e d  p r e s s u r e s  and 
b a la n c in g  n i t r o g e n  a d m it te d  t o  th e  p re s s u r e  v e s s e l .
&
T r i a l  Scan
The t e s t  c e l l  and p r e s s u r e  v e s s e l  were e v a c u a te d  and a  t r i a l  s c a n  
c a r r i e d  ou t o v e r  t h e  e n t i r e  sp ec trum  covered  by th e  d i f f r a c t i o n  
g r a t i n g .  S u i t a b l e  f i l t e r s - were l o c a te d  i n  th e  t u r r e t  h o ld e r  of 
th e  m onochrom ator. Each c h a n g e -o v e r  from one f i l t e r  t o  a n o th e r
was e f f e c t e d  w i th o u t  i n t e r u p t i n g  th e  s c a n ,  and was c a r r i e d  out. a t  
s u i t a b l e  w a v e le n g th s  o f z e ro  a b s o r p t io n .  The th e rm o c o u p le -d e te c te d
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i n t e n s i t y  l e v e l s  were d i s p la y e d  on th e  c h a r t  r e c o r d e r ,  an  ^
a p p r o p r i a t e  c h a r t  speed and f u l l - s c a l e  d e f l e c t i o n  b e in g  s e l e c t e d .
A check was c a r r i e d  ou t n e a r  2 .7  f o r  any s ig n s  of a tm o sp h e r ic  
a b s o r p t io n  which would have i n d i c a t e d  i n e f f i c i e n t  p u rg in g  of the  
o p t i c s .
The t e s t  c e l l  was f i l l e d  to  th e  maximum o p e ra t in g  p re s s u re  w ith  
th e  s e l e c t e d  gas or m ix tu re ,  and t h e  p ro ced u re  r e p e a t e d .  By 
comparing th e  i n i t i a l  ( t r a n s m is s io n )  and f i n a l  ( a b s o rp t io n )  s c a n s ,  
th e  w ave leng th  l i m i t s  of each  a b s o r p t i o n  band could  be a s c e r t a i n e d .
A t r i a l  sc an  was c a r r i e d  out b e fo r e  i n v e s t i g a t i n g  th e  i n f r a - r e d  
a b s o r p t io n  c h a r a c t e r i s t i c s  of e a c h  gas  o r  m ix tu re  of g a se s .
.6  T ransm is s io n  Scan
Once th e  a b s o r p t io n  band l i m i t s  o f  a  p a r t i c u l a r  gas  (m ix tu re )  had 
been d e te rm in e d ,  i n t e n s i t y  d a t a  cou ld  be r e c o rd e d  on paper tape  
f o r  a n a l y s i s .
The t e s t  c e l l  and p re s s u re  v e s s e l  were e v a c u a te d .  The scan  
m icrom eter  drum was s e t  a t  th e  i n i t i a l  w av e len g th  of t h e  f i r s t  
band to  be scan ned , t h e  number o f d a t a  p o i n t s  s e l e c t e d  o n . th e  scan  
c o u n te r  (which was s e t  to  z e ro )  and a  s u i t a b l e  f i l t e r  s e l e c t e d .
O ther  s e t t i n g s  were a s  i n d i c a t e d  i n  s e c t i o n  5 . 2 . 4 .  The sc an  was 
c a r r i e d  o u t  and t h e  number of d a t a  p o i n t s  checked on th e  c o u n te r .  
S e v e ra l  sc a n s  were c a r r i e d  o u t  f o r  th e  band. The scan  drum was 
th e n  advanced to  th e  i n i t i a l  w a v e le n g th  of th e  second band of 
i n t e r e s t ,  a  second f i l t e r  s e l e c t e d  ( i f  n e c e s s a r y ) ,  th e  d a ta  p o in t  
s e t t i n g  a d ju s te d  ( i f  n e c e s s a ry )  and th e  s c a n  c o u n te r  s e t  t o  z e r o .
The p ro ced u re  was th e n  r e p e a te d  f o r  t h e  second  and su b seq u en t ban ds.
2 .7  Ab s o r p t io n  Scan
Once th e  t r a n s m is s io n  scan  had b een  co m ple ted , t e s t  gas was 
a d m it te d  t o  th e  t e s t  c e l l  up t o  th e  f i r s t  p r e s s u r e  to  be i n v e s t i g a ­
t e d .  N it ro g e n  of e q u a l  p r e s s u r e  was a d m it te d  t o  th e  p r e s s u r e  v e s s e l .  
I n t e n s i t y  d a ta  was r e c o rd e d  f o r  th e  same bands and o ve r  t h e  same 
w ave leng th  l i m i t s  a s  d u r in g  th e  t r a n s m i s s io n  r u n .  The p r e s s u r e  of 
th e  t e s t  gas  was h e ld  c o n s ta n t  th ro u g h o u t  th e  s c a n .  The gas 
p r e s s u re  was e le v a t e d  to  th e  seco n d  l e v e l  and th e  p ro ced u re  re p e a te d .  
I n  t h i s  way, a b s o r p t io n  d a ta  f o r  up t o  e i g h t  g a s  p r e s s u r e s  were
reco rd ed  i n  s u c c e s s io n .
A l l  o p t i c a l  s e t t i n g s  eg . so u rc e  c u r r e n t ,  s l i t  w id th s ,  d e t e c t o r -  
therm ocouple a m p l i f i e r  g a in  e t c ,  were th e  same as  i n  th e  t r a n s ­
m is s io n  ru n .
Data A n a ly s is
The d a ta  c o l l e c t e d  on p a p e r  ta p e  were p ro ce ssed  on an ICL 1 905F 
d i g i t a l  com puter. The encoded v a lu e s  on th e  ta p e  b e a r  a l i n e a r  
r e l a t i o n s h i p  to  t h e  en e rg y  i n t e n s i t y  i n c i d e n t  on th e  th e rm ocoup le  
d e t e c t o r .  A com puter programme, w r i t t e n  in  A lg o l  60 and rep ro d u ced  
i n  Appendix I I I ,  c a l c u l a t e d  s p e c t r a l  a b s o r p t i v i t i e s  from th e  
t r a n s m is s io n  and a b s o r p t io n  d a t a .  The s p e c t r a l  a b s o r p t i v i t y ,  0 ( \  
was c a l c u l a t e d  t h u s : -
<*A = 1 "  j J AA j 
(ITA )
where = i n t e n s i t y  o f  r a d i a t i o n  a t  w a v e len g th  \  d u r in g
t r a n s m i s s io n  scan
lAX = i n t e n s i t y  o f  r a d i a t i o n  a t  t h e  same w ave leng th  
X d u r in g  a b s o r p t io n  scan
The a b so rp ta n c e  o f  each  s p e c t r a l  band was c a l c u l a t e d  from  th e  
s p e c t r a l  a b s o r p t i v i t i e s  by i n t e g r a t i n g  betw een th e  band l i m i t s ,  
ie* °C \L  ~ 0(XU = s u f f i c e s  L and U r e p r e s e n t  lo w e r  and u p p er  
l i m i t s  o f th e  band r e s p e c t i v e l y .  I n t e g r a t i o n  was by S im pson’s Rule
The computer programme p r i n t - o u t  d i s p l a y s  th e  c a l c u l a t e d  s p e c t r a l  
a b s o r p t i v i t i e s  and band a b s o r p ta n c e s  f o r  each  band i n v e s t i g a t e d .  
These p r i n t - o u t s  a r e  re p ro d u c e d  i n  Appendix IY.
E x p erim en ta l  Checks
A number o f  checks on th e  o p t i c a l  and e n g in e e r in g  sy s tem  were 
c a r r i e d  ou t and some o f  t h e s e  have been o u t l i n e d ,  i n  no p a r t i c u l a r  
o rd e r ,  below.
( i )  C a l i b r a t i o n  ch ecks  were made on th e  monochromator i n  two ways. 
The s im p le s t  method was to  i d e n t i f y  t h e  peak w a v e le n g th s  o f  th e  
a b s o r p t io n  bands r e s u l t i n g  from  carb on  d io x id e  and w a te r  v apou r  i n  
th e  a tm osphere : Common c a l i b r a t i o n  bands a r e  th e  1.1 pm , 1 .34  
and 1.87 jum H^O o v e r to n e s ,  2 .7  jxm H20 fundam en ta l (w i th  peaks a t
2 .5 8 ,  2 .68  and 2 .7 8  jam), 2 .7  Jim C02 o v e r to n e ,  4 .25  jam C02 funda­
m enta l (peaks a t  4 .25  and 4 .3 0  jam) and 4 .8  jam 002 o v e r to n e .  The 
second Method was t o  u se  th e  mercury a r c  lamp which, a t  s h o r t e r  
w av e len g th s ,  p roduces f o u r t e e n  w ell-m arked  e m iss io n  l i n e s  between
1 .0  and 2 .35  jam f o r  c a l i b r a t i o n :  th e  s t r o n g e s t  l i n e s  a re  a t  1 .0 1 ,
1 .1 3 ,  1*36, 1 .3 7 ,  1 .4 0 ,  1 .5 3 , 1 .69  and 1.71 jum. These checks were 
c a r r i e d  ou t a t  r e g u l a r  i n t e r v a l s .
( i i )  The perform ance o f  each f i l t e r  was checked a g a i n s t  manufac­
t u r e r s  s p e c i f i c a t i o n s .  The o p e r a t iv e  s p e c t r a l  range  o f  each  f i l t e r  
was between th e  "edge” w avelength  and a p p ro x im a te ly  1 .8  t im e s  th e  
"edge1* w av e len g th .
( i i i )  A com parison  o f  the  s o u r c e s ,  d e s c r ib e d  i n  append ix  I I ,  was 
c a r r i e d  o u t .  The tu n g s te n  f i la m e n t  so u rc e  was found to  be u n s u i t ­
a b le  i n  th e  2 .5  to  3 .0  jam r e g io n  b ecause  o f  th e  h ig h  a b s o r p t io n  by 
i t s  q u a r tz  en v e lo p e . The nichrome and a lu m in a - tu b e  f i l a m e n t s  were 
found to  be u n s u i t a b l e  due to  low i n t e n s i t i e s .  The N e rn s t  f i la m e n t  
was found to  be th e  most e f f i c i e n t  s o u rc e ,  h av in g  a h ig h  i n t e n s i t y  
over th e  1-5 jam range  and h ig h  s t a b i l i t y ,  a l th o u g h  i t s  l i g h t - u p  
p ro cedu re  was more e x te n s iv e .
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( iv )  The l i n e a r i t y  of th e  d e t e c t o r ’s re sp o n se  to  a  change i n  th e  
in p u t  i n t e n s i t y  l e v e l  was checked by v a ry in g  th e  s l i t  w id th .  A p l o t  
o f  d e t e c t o r  o u tp u t  v e r s u s  th e  sq u a re  o f  th e  s l i t  w id th  (SW ) ,  f i g .  
14, c l e a r l y  shows two d i s t i n c t  l i n e a r  r e g i o n s ,  o v e r la p p in g  i n  th e  
r e g io n  of 1.1 mm. The d e te c te d  r a d i a t i o n  i n t e n s i t y  i s  on ly  
p r o p o r t io n a l  t o  SW u n t i l  th e  image o f  th e  so u rc e  c o m p le te ly  cov ers  
th e  d e t e c t o r  f l a k e ,  t h e r e a f t e r  a  low er o rd e r  r e l a t i o n s h i p  i s  
fo l lo w ed . The m a g n i f ic a t io n  o f  th e  o p t i c a l  sys tem  i s  6 t im e s  and 
th e  w id th  o f  th e  d e t e c t o r  f l a k e  i s  a p p ro x im a te ly  0 .2  mm, hence th e  
sq u a re  law  r e l a t i o n s h i p  shou ld  end a t  a  s l i t  w id th  of a p p ro x im a te ly
1 .2  mm.
The s l i t  w id th  was chosen  w ith  c a r e ,  e s p e c i a l l y  when sc an n in g  weaker 
b ands. A lthough th e  energy  i n t e n s i t y  re c o rd e d  by th e  d e t e c t o r ,  and 
hence i t s  s i g n a l - t o - n o i s e  r a t i o ,  i n c r e a s e s  w i th  th e  sq u a re  o f  th e  
s l i t  w id th ,  t h e  r e s o l u t i o n  of th e  s p e c t r a l  s t r u c t u r e  o f  th e  bands 
shows a l i n e a r  d e c r e a s e .  As d i s c u s s e d  i n  S e c t io n  3 .3 7 ,  th e  band 
a b so rp ta n c e  i s  ind ep enden t o f  s l i t  w id th ,  and so  f o r  such  d e te rm in a ­
t i o n s  th e  maximum s l i t  w id th  can be employed. With th e  s m a l le r
bands, however, eg . 1 .9  pm C02 , 1 .9  /un H20 vapour and 2 .3  pm CO 
bands, th e  d i s t o r t i o n  o f  th e  band p r o f i l e  may le a d  to  l a r g e  e r r o r s  
i n  th e  d e te r m in a t io n  o f  th e  band a b s o rp ta n c e .  In  such  c a se s  i t  i s  
n e c e s sa ry  t o  s e l e c t  a  s l i t  w id th  which i s  n o t  g r e a t e r  th a n  o n e - f i f t h  
o f  th e  band h a l f - w i d t h .
A f u r t h e r  check was made t h a t  band a b so rp ta n c e  was ind eed  ind ep en d en t 
o f  s l i t  w id th .
(v) A p o s s ib le  so u rc e  of p h o to m e tr ic  e r r o r  may o c c u r ,  i n  t h e  form 
o f t r a c k in g  e r r o r s ,  from  a  f i n i t e  sc an  sp eed . The monochromator 
used  in  the  i n v e s t i g a t i o n  cou ld  be s e t  a t  t h r e e  sc an n in g  s p e e d s .
T r i a l  scans  were c a r r i e d  ou t t o  d e te rm in e  th e  e f f e c t s  o f  sc an  speed  
on band a b s o r p ta n c e ,  and on s p e c t r a l  i n t e n s i t y  l e v e l s .  The c o n c lu ­
s io n  was t h a t  th e  l i m i t e d  ra n g e  o f  scan  speeds  a v a i l a b l e  had l i t t l e  
e f f e c t  on p h o to m e tr ic  a c c u ra c y .
( v i )  The v a r i a t i o n  o f  so u rc e  i n t e n s i t y  w i th  tim e was t e s t e d  a t  
s e l e c t e d  w av e len g th s  and s l i t  w id th s .  Maximum v a r i a t i o n s  were o f  
th e  o rd e r  o f - 1 .5 $  and were c a r r i e d  out o v e r  p e r io d s  o f  up to  15 
m in u te s .
( v i i )  The i n f r a - r e d  t r a n s p a r e n c y  of n i t r o g e n  a t  a  number of 
p r e s s u r e s  was compared to  an e v a c u a te d  sys tem . T h is  was im p o r ta n t  
s in c e  a l l  a b s o r p t io n  ru n s  w i th  t e s t  g a se s  a t  e le v a te d  p r e s s u r e s ,  
and hence b a la n c in g  n i t r o g e n  i n  t h e  p r e s s u re  v e s s e l  t o  th e  same 
p r e s s u r e ,  were compared to  a  s i n g l e  t r a n s m is s io n  ru n  w i th  an  ev acua­
te d  o r  f u l l y  n i t r o g e n - f i l l e d  (1 .2 5  b a r )  sys tem . These t e s t s  were 
a l s o  u s e f u l  f o r  n o t in g  th e  e f f i c i e n c y - o f  th e  d ry in g  tu b e s  h a n d l in g  
b o th  system  n i t r o g e n  and p u r g e - n i t r o g e n .
( v i i i )  A check was k e p t  on th e  gas c o m p o s it io n s  w i th in  t h e  r e s e r ­
v o i r s .  Comparisons were made betw een  th e  r e l a t i v e  w e ig h ts  o f  each  
g a s ,  the  p a r t i a l  p r e s s u r e s  o f  th e  g a s e s  and th e  c o m p o s it io n s  a s  
g iven  by a n a ly s e s  o f  sa m p le s .  Maximum p o s s ib l e  q u a n t i t i e s  o f  g a se s  
were mixed, so t h a t  a c c u ra c y  i n  a l l  c a s e s  was w i th in  ±5$.
( ix )  The d i r e c t  m easurem ent o f  th e  t e s t  gas te m p e ra tu re  was n o t  
p o s s ib l e ,  b u t  c e l l  w a l l  t e m p e r a tu re s  were m o n ito red  i n  o r d e r  t o  
c o n t r o l  fu rn a c e  power i n p u t .  One window assem bly  was r e p l a c e d  by 
a  c i r c u l a r  b r a s s  p l a t e  which was b o l t e d  t o  th e  end of th e  c e l l .  A 
therm ocouple  was p a sse d  th ro u g h  a  s e a le d  b r a s s  c o u p lin g  i n  th e  p l a t e
and in to  th e  c e n t r e  of th e  c e l l .  A c o r r e l a t i o n  between gas tem p era -  j 
t u r e  and c e l l  w a l l  te m p e ra tu re  was th u s  d e te rm in e d .
(x) D uring d a ta  ru n s  a  number o f checks were made on th e  o p e ra t in g  
c o n d i t io n s :  th e s e  in c lu d e d  fu rn a c e  t e m p e r a tu r e s ,  sou rce  c u r r e n t ,
gas p r e s s u r e s ,  c o o l in g -w a te r  f l o u r a t e s ,  p u r g e - n i t r o g e n  f l o u r a t e s ,  
and system  te m p e ra tu re s .  f-
EXPERIMENTAL ACCURACY
The a cc u ra c y  o f  th e  rec o rd ed  d a ta  i s  dependen t on th e  a c c u ra c y  of 
th e  o p e ra t in g  p a ra m e te rs  and th e  a c c u ra c y  w i th  which th e  i n t e n s i t y  
d a ta  i s  r e c o r d e d .
Tem perature Measurement
The ch rom el-a lum el therm ocouple  used  to  m o n ito r  and c o n t r o l  th e  t e s t  
c e l l  t e m p e ra tu re  i s  m anufac tu red  to  BS 1827 s p e c i f i c a t i o n s .  As such  
i t  i s  a c c u ra te  to  w i th in  £ 0 .7 5 /  a t  th e  o p e r a t in g  te m p e ra tu re s  u n d e r  
i n v e s t i g a t i o n .  The therm ocoup le  was l o c a te d  i n  th e  w a l l  o f th e  t e s t  
c e l l ,  and th e  gas te m p e ra tu re  was r e l a t e d  to  t h i s  r e c o rd e d  tem pera ­
t u r e .  The l e n g t h s  o f th e  gas c e l l  (93-2 mm) i s  r e l a t i v e l y  sm a ll  
compared w i th  th e  c e n t r a l  fu rn a c e  zone (600 mm) i n  which th e  c e l l  i s  
l o c a te d ,  and guard  end h e a t e r s  en su re  t h a t  gas  te m p e ra tu re  v a r i a t i o n s  
w i th in  th e  c e l l  a r e  n e g l i g i b l e .  Some v a r i a t i o n  i n  th e  re c o rd e d  gas 
te m p e ra tu re  was n o ted  d u r in g  th e  s e r i e s  o f  t e s t  s c a n s ,  due to  th e  
c y c l i c  n a tu r e  o f  th e  c o n t r o l  sys tem . These v a r i a t i o n s  were no 
g r e a t e r  th a n  ± 5°C, and th e  quo ted  o p e r a t in g  te m p e ra tu re s  have ta k e n  
t h i s  i n t o  a c c o u n t .
The o v e r a l l  a c c u ra c y  o f  th e  re c o rd e d  t e s t  gas  te m p e ra tu re  i s  expected 
to  be o f  th e  o r d e r  o f ± 1
P re s s u re  Measurement
The a b s o lu te  p r e s s u r e  o f  th e  t e s t  gas  was m easured w i th  a Bourdon 
gauge m anufac tu red  t o  BS 1780 s p e c i f i c a t i o n s .  The acc u ra c y  o f  th e s e  
re a d in g s  was t h e r e f o r e  w ithin ± 1 /  over th e  e n t i r e  c a l i b r a t i o n  rangs. 
The l a r g e  g r a d u a t io n s  (5 p s i  d i v i s i o n s )  p ro b a b ly  h a lv e  t h e  a cc u ra c y  
to  ± 2 /  a t  m odera te  p r e s s u r e s .  T h is  o b v io u s ly  has  a  g r e a t e r  e f f e c t  
on acc u ra c y  a t  th e  low er p r e s s u r e s .
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Gas Com position
The p u r i t y  o f th e  com m ercial g a s e s  used  was s t a t e d  in  s e c t i o n  4 - 4 .4  ■ 
T h is  i n d i c a t e s  a  maximum v a r i a t i o n  o f  * 0 .2 $  i n  th e  c o m p o s it io n  o f  
any p a r t i c u l a r  gas s p e c i e s  w i t h in  a  pure  o r  mixed sam ple .
Gas m ix tu re s  were g e n e r a l l y  made up u s in g  th e  r e s e r v o i r  p r e s s u r e  
gauge, w h i l s t  checks were c a r r i e d  out on some sam ples by g ra v im e t r ic !  
com parisons . F u r th e r  c o m p l ic a t io n s  a r i s e  from a b s o r p t io n  and d e s ­
o r p t io n  of th e  g a se s  on th e  r e s e r v o i r  w a l l s .  I t  i s  e s t im a te d  t h a t  
th e  c o m p o s it io n  of an a b s o rb in g  gas  i n  a m ix tu re  i s  a c c u r a t e  to  
w i th in  ± 5 $ «
Gas P a th le n g th
The c o n ta in e d  p a th le n g th  of th e  g as  w i th in  t h e  h ig h  te m p e ra tu re  
c e l l  was d e te rm in ed  by means o f  c a l i p e r s  and a s t e e l  r u l e .  The 
acc u ra c y  i s  e x p ec te d  t o  be ± 1 mm i e .  ± 1 .1 $ .  No a llo w a n ce s  were 
made f o r  ex p an s io n  a t  e l e v a t e d  t e m p e r a tu re s .  At 1000K, from  standard 
l i n e a r  e x p an s io n  e s t i m a t e s ,  th e  change, i n  p a th le n g th  i s  ab ou t 4-0.8$. 
The maximum o v e r a l l  v a r i a t i o n  i s  t h e r e f o r e  ' 1 . 9  $  a t  th e  h i g h e s t  
o p e ra t in g  te m p e ra tu re .
S p e c t r a l  Accuracy
The s p e c t ro m e te r  h a s  a  w a v e le n g th  r e p e a t a b i l i t y  of 0.001 m icron  
o ve r  th e  1-5 pn  r a n g e .  I n t e n s i t y  d a t a  i s  r e c o rd e d  a t  0 .025  ^m 
i n t e r v a l s  w i th  a t im ed  a c c u ra c y  o f  t  0 .3 $ .  The maximum v a r i a t i o n  
i n  s p e c t r a l  l o c a t i o n  i s  t h e r e f o r e  n e v e r  more th a n  0.0011 Jim.
S l i t - w i d t h  a cc u ra c y  i s  s t a t e d  a s  ± 0.01 mm w hich , a t  t h e  norm al 
s e t t i n g  o f  1 .94 mm, i s  ± 0 .5 $  w h i l s t  a t  t h e  minimum s l i t  w id th  o f
1 .08  mm i t  i s  ± 1 .0 $ .  S in ce  i n c i d e n t  i n t e n s i t y  on th e  d e t e c t o r  i s  
p r o p o r t io n a l  t o  s l i t  w id th  s q u a re d ,  th e  i n t e n s i t y  v a r i a t i o n s  w i l l  bef 
± 1 .0 $  and ± 2 . 0 $  r e s p e c t i v e l y .  F u r th e r  v a r i a t i o n s  i n  i n t e n s i t y  
occu r a s  a  r e s u l t  o f  t e m p e ra tu re  f l u c t u a t i o n s  i n  th e  s o u r c e .  T his 
i s  e s t im a te d  a t  ± 1 .5 $  maximum from  s e c t i o n  5*4.
Data  Accuracy
I n t e n s i t y  v a lu e s ,  a s  encoded on p a p e r  t a p e ,  v a r i e d  from 150 t o  
800mV i n  th e  c ase  o f  t r a n s m i s s io n  s c a n s .  S ince  v a r i a t i o n  i s
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± 0.5rnV, th e  maximum v a r i a t i o n  i n  s p e c t r a l  a b s o r p t i v i t y  i s  ± 0 .3 $ .  
T h is  a c c u ra c y  was in c re a s e d  by c a r r y in g  out s e v e r a l  scan s  f o r  each 
t r a n s m is s io n  and a b s o r p t io n  ru n .
7 O v e ra l l  A ccuracy
The o v e r a l l  a c c u ra c y  of th e  c a l c u l a t e d  band a b s o r p ta n c e s  i s  
dependen t upon th e  r e l a t i v e  e f f e c t s  o f  th e  r e c o rd e d  p a ra m e te rs  on 
t h e  a b s o rp ta n c e .  The combined e f f e c t s  o f  measurement e r r o r s  on 
band a b s o rp ta n c e  can be e s t im a te d  i n  th e  fo l lo w in g  random exam ple.
Run Number 157
nr'22 .1  pm Band o f  00^.
T em p era tu re ,  T = 900 K 
T o ta l  P r e s s u r e ,  P = 5 b a r  
Mole f r a c t i o n  o f  C02 , x = 0 .6 8  
P a th le n g th ,  L = 9 .3 2  cm.
A b so rb e r  c o n c e n t r a t i o n ,  u = xP L (273/T) = 9.61 b a r .  cm.
To d e te rm in e  t h e  e f f e c t s  o f  t h e s e  o p e r a t in g  c o n d i t i o n s .o n  band 
a b so rp ta n c e  i t  i s  n e c e s s a r y  to  u t i l i s e  th e  o v e r a l l  c o r r e l a t i o n  
d e r iv e d  f o r  t h i s  band, i e : -
Ab = 6 .07 4  ( l o g 1ou )a Pg ° - ° 3 1t 0 .506
where a  = 0 .32 3  log-j 0T -  0 .213  
and Pe  = Prp (1 + 0 .3 x )
The c o r r e l a t e d  band a b s o rp ta n c e  o f  198.1 nm com pares f a v o u ra b ly  
w ith  th e  e x p e r im e n ta l  v a lu e  o f  207. 1 nm ( + 4 . 5 $ ) .
I f  th e  l a r g e s t  p o s s ib l e  v a r i a t i o n s  o f  th e  o p e r a t in g  c o n d i t io n s  a r e  
c o n s id e re d ,  t h e n : -
T = 911 .75  K i e  + 0 .7 5 $  + 5°C
P = 5.1 b a r  i e  + 2$
x = 0 .7 1 4  i e  + 5$
L = 9 .4 9 7  cm i e  + 1 .9 $
u = 10 .356  b a r .c m . ,  and i t  i s  c a l c u l a t e d  t h a t  
A-g = 2 04 .4  nm (+ 3 . 2 $ ) .
The o v e r a l l  a c c u ra c y  of th e  re c o rd e d  i n t e n s i t y  d a ta  i s  ± 2 .8 $ ,  
t a k in g  i n to  acc o u n t  th e  l a r g e  s l i t  w id th  u sed ,  t h e  f l u c t u a t i o n s  in  
so u rc e  i n t e n s i t y  and en co d in g  v a r i a t i o n s .  In  c a l c u l a t i n g  th e  s p e c ­
t r a l  a b s o r p t i v i t i e s ,  , and hence  th e  band a b s o rp ta n c e ,  i t  i s  
e x p ec te d  t h a t  f l u c t u a t i o n s  i n  th e  i n t e n s i t i e s  d u r in g  th e  " a b s o r p t io n "  
ru n  w i l l  p a r t l y  o f f - s e t  th o s e  d u r i n g ' t h e  " t r a n s m is s io n "  ru n .  To 
d e te rm in e  th e  maximum p o s s i b l e  e f f e c t ,  however, i t  has been assumed 
t h a t  t ru e  i n t e n s i t i e s  a r e  lo w e r  th a n  o b se rved  i n t e n s i t i e s  ( i e  -  2 .8 $ )  
d u r in g  th e  " a b s o rp t io n "  ru n ,  and h i g h e r  d u r in g  th e  " t r a n s m is s io n "  
ru n  (+ 2 .8 $ ) .  As su c h ,  th e  s p e c t r a l  a b s o r p t i v i t i e s  were r e c a l c u l a ­
t e d  a c c o rd in g  to  th e  fo l lo w in g  r e l a t i o n s h i p s
C<x =  ^ -  ( ^a ) “  ^ ru e  s p e c t r a l  a b s o r p t i v i t y
(X\ = 1 -  (Ta /T ^ )  = o b se rv e d  s p e c t r a l  a b s o r p t i v i t y
I A = 0 . 9 7 2  IA'
I T = 1 .028  I T'
• \ o < x = 0 .946  oi[+  0 .0 5 4
The " t r u e "  band a b s o r p ta n c e  was r e d e te rm in e d  and was found to  be 
-6.9 nm l a r g e r  th a n  th e  o b se rv e d  v a lu e .
F i n a l l y ,  i t  was d e te rm in e d  t h a t  a  maximum s h i f t  i n  s p e c t r a l  l o c a t i o n  
due s p e c t r o m e te r  i n a c c u r a c i e s ,  would o n ly  a f f e c t  th e  a b s o rp ta n c e  o f  
th e  band a t  th e  two o u t e r  edges  o f  th e  band; and th e n  o n ly  i f  th e  
s p e c t r a l  s h i f t  was i n  o p p o s i t e  d i r e c t i o n s  a t  e ach  edge. Assuming
t h i s  to  o c c u r ,  i t  was found  t h a t  th e  band a b s o rp ta n c e  would be
in c r e a s e d  by 2 .2  nm.
T aking  a l l  t h e  v a r i a t i o n s  i n t o  a c c o u n t ,  t h e  c o r r e c t e d  band a b s o r p ­
ta n c e  would be 204*4 + 6 .9  + 2 .2  = 213*5 nm compared t o  th e  o r i g i n a l  
a b s o rp ta n c e  o f  198.1 nm. The v a r i a t i o n  i s  + 7 - 8 .$ .
I t  w i l l  be n o te d  t h a t  th e  d e te rm in e d  a c c u ra c y  o f  th e  band a b s o r p ­
t a n c e  d a t a ,  a p p ro x im a te ly  ± 8$ , h a s  been d e te rm in e d  f o r  ex trem e  
v a r i a t i o n s  i n  t h e  o p e r a t in g  c o n d i t i o n s ;  a ssum ing  t h a t  a l l  c o r r e c t i o n s  
r e s u l t  i n  an  i n c r e a s e  i n  band a b s o r p t a n c e .  F o r  r e l a t i v e l y  s t r o n g  
b an d s ,  such  a s  th e  example g iv e n  h e r e ,  band a b s o rp ta n c e  a c c u ra c y  i s  
e x p e c te d  t o  be v e ry  much b e t t e r  t h a n  t h i s .  F o r  th e  w eaker b a n d s ,  
however, a c c u ra c y  i s  l i k e l y  t o  be o f  th e  o r d e r  o f  ± 20$ o r  m ore.
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SECTION 6
EESUITS AND DISCUSSIONS
ABSORPTION BANDS OF INTEREST
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GO2., CO and H2.O vapo u r  have a  number of a b s o r p t io n  bands i n  th e  
n e a r  i n f r a - r e d .  In  most c a s e s ,  th e  bands o f  a  p a r t i c u l a r  gas  a re  
co n ta in e d  w i t h in  c e r t a i n  w av e le n g th  l i m i t s  w i th  no o v e r la p p in g  
o c c u r r in g .  Som etim es, how ever, and e s p e c i a l l y  a t  e le v a t e d  tem pera ­
t u r e s ,  a d ja c e n t  bands merge t o  g iv e  the  a p p ea ran ce  o f  a s i n g l e  
e x te n s iv e  band . T h is  s i t u a t i o n  i s  a l s o  p r e s e n t ,  u n d e r  norm al 
c o n d i t io n s ,  where two o r  more g a se s  produce a b s o r p t io n  bands i n  
s im i l a r  r e g io n s  of th e  sp ec tru m .
S ince th e  w a v e le n g th  l i m i t s  o f  a b s o r p t io n  bands a r e  dependen t n o t  
only  on th e  t e m p e r a tu r e ,  b u t  a l s o  th e  c o n c e n t r a t i o n  and p r e s s u r e  of 
th e  g a s ,  e ach  band w i l l  be i d e n t i f i e d  by i t s  c e n t r a l  w a v e le n g th ,  
norm ally  c o r re s p o n d in g  to  t h e  fundam en ta l f re q u e n c y  (\?) of th e  gas 
m olecu les  ( s e e  s e c t i o n  3 .1 2 ) .
Carbon D iox ide
The m ajor i n f r a - r e d  bands o f  ca rb o n  d io x id e  occu r  i n  f o u r  s e p a r a t e  
re g io n s
( i )  The 2 .7  pm  r e g i o n  c o n s i s t i n g  o f  th e   ^ co m b in a t io n  band,
c e n t re d  a t  3716 cm” 1 (2 .6 9  jam), and the  V-j + 2V2 co m b in a tio n  band,
—1c e n tre d  a t  3609 cm” (2 .7 7  pm ) . Both bands a r e  produced  by Fermi 
re so n a n c e .  Three v e ry  weak members of a F e rm i- r e s o n a n t  t r i p l e t  have 
a l s o  been n o te d  a t  3500 cm” 1 (2 .8 6  pm), 3339 cm” 1 (2 .9 9  pm) and
3181 cm-1 ( 3 .1 4  p i ) .
— 1
( i i )  The V 5 fu n d am en ta l  band c e n t r e d  a t  2350 cm (4 .2 6  pm ).
A b so rp tio n  due t o  h e a v i e r  i s o t o p i c  s p e c ie s  o f  CO^ c o n t r i b u t e s  
s i g n i f i c a n t l y  to  t h e  o v e r a l l  band a b s o rp ta n c e .
—.1
( i i i )  The 10 pm r e g io n  c o n s i s t i n g  of two bands c e n t r e d  a t  1064 cm” 
(9 .4 0  pm) and 961 cm"1 (10.41 pm) which a re  o n ly  s i g n i f i c a n t  a t  h ig h  
te m p e ra tu re s :  s o - c a l l e d  "h o t"  band s .
— 1( iv )  The 665 cm” (15*0 pm) fun dam en ta l which i s  n o rm a l ly  o v e r­
lap ped  by i s o t o p i c  bands and v a r i o u s  "ho t"  bands .
Minor bands o f  00^  e x i s t  a t  1 .4 ,  1 .6 ,  2 .0 ,  4.8  and 5 .2  pim. The two
l a t t e r  bands a re  n o rm ally  o b se rv ed  as e x te n s io n s  of th e  V 3 fu n d a ­
m enta l band a t  4 .2 6  jam. The 2 .0  jam r e g io n  a r i s e s  p re d o m in a n t ly  
from th r e e  c o m b in a t io n  ban d s :  V 3 + 4Vj c e n t r e d  a t  5110  cm”1 ( 1.96 
jam), + 2 V>2 + a t  4982 cm” 1 ( 2.01 jam) and V j  + 2 V 1 a t  4860 cm”"1 
(2 .06  jam). These bands a r e  s t r o n g l y  F e r m i- r e s o n a n t .
Water Vapour
There a re  t h r e e  m ajo r  a b s o r p t io n  bands o f  H2.O v ap o u r  i n  th e  n e a r  
i n f r a - r e d .  At h ig h e r  o p e r a t in g  t e m p e ra tu re s ,  t h e s e  a re  r e s p o n s i b l e  
f o r  e s s e n t i a l l y  a l l  t h e  a b s o r p t io n  o b se rv e d : -
— 1( i )  The Vo + V-* c o m b in a tio n  band a t  5332 cm” ( 1.88  jam). Two 
minor c o m b in a t io n  bands e x i s t  a t  5235 cm ( 1.91  jam) and 4667 cm"” 
(2 .14  jam).
— 1( i i )  The V 3 and fu nd am en ta l  bands c e n t r e d  a t  3756 cm (2 .6 6
— 1jum) and 3652 cm” (2 .7 4  jam), r e s p e c t i v e l y .  A much w eaker 2Y>2 o v e r­
tone band i s  c e n t r e d  a t  3151 cm” 1 (3 .1 7  jam) and g e n e r a l l y  a p p e a rs  
as  a  s id e  band o f  th e  \>1 and V3 fundam enta l bands.
( i i i )  The V2 fu n d am en ta l  band a t  1595 cm” 1 (6 .2 7  jam). T his i s  a  
v e ry  broad  band e x te n d in g  t o  n e a r l y  9 Jim, even w i th  low c o n c e n tr a ­
t i o n s  of w a te r  v a p o u r ,  a t  a tm o sp h e r ic  t o t a l  p r e s s u r e  and am bient 
te m p e ra tu re .
A number o f  m inor co m b in a t io n  bands e x i s t  a t  1 .3 8  jam (\>1 + V 3) and 
1.14 jam ( 9 l  + V 2 + V 3 ) ,  and a t  0 .94  Jun. In  a d d i t i o n ,  a  pure  
r o t a t i o n a l  band e x te n d s  from beyond 9 jam to  o v e r  20 Jim. T h is  band 
c o n t r i b u t e s  t o  t o t a l  i n f r a - r e d  a b s o r p t io n  o n ly  a t  am bien t and low 
te m p e ra tu re s .
Carbon Monoxide
As a d ia to m ic  m o le c u le ,  c a rb o n  monoxide has o n ly  one fu n d am en ta l
— 1t r a n s i t i o n  f r e q u e n c y  c e n t r e d  a t  2143 cm” (4 .6 7  jam). The o n ly  o th e r
s i g n i f i c a n t  a b s o r p t io n  band i s  t h e  f i r s t  o v e r to n e  a t  4260 cm”1
— 1( 2.35  jam). The second o v e r to n e  a t  6350 cm” (1 .5 7  jam) i s  a  v e ry  
weak b and .
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LIMITS OF EXPERIMENTAL STUDY
A m ajor problem  e n c o u n te re d  i n  th e  a c q u i s i t i o n  o f  i n f r a - r e d  
a b s o r p t io n  d a t a  i s  th e  c h o ic e  o f  s u i t a b l e  t r a n s m i t t i n g  windows 
f o r  th e  c e l l  e n c lo s in g  th e  t e s t  g a s .  I t  i s  p o s s ib l e  to  u se  a  gas 
f low  te c h n iq u e ,  a s  d e s c r ib e d  i n  s e c t i o n  2 .5 ,  which p re c lu d e s  th e  
u se  of h ig h  te m p e ra tu re  windows b u t  do es  l e a d  t o  m ajor u n c e r t a i n t i e s  
i n  th e  g a s  c o n d i t io n s  eg . t e m p e r a tu r e ,  p r e s s u r e  and p a th le n g th .
Few m a t e r i a l s  have th e  r e q u i r e m e n ts  n e c e s s a r y  f o r  h ig h  te m p e ra tu re  
and p r e s s u r e  s t u d i e s ,  such a s : -
( i )  High th e rm a l  shock  r e s i s t a n c e .
( i i )  High m e l t in g  p o i n t .
( i i i )  R e la t i v e  c h e a p n e s s .
( iv )  I n s o l u b i l i t y  i n  w a te r .
(v) S u f f i c i e n t l y  h ig h  t r a n s m i s s io n  p r o p e r t i e s .
( v i )  E xpansion  c o e f f i c i e n t  s i m i l a r  t o  t h a t  of c e l l  m a te r ia l
The most s u i t a b l e  m a t e r i a l  f o r  th e  s tu d y  was found to  be s a p p h i r e  
which has  an u p p e r  t r a n s m i s s io n  l i m i t  of 6 .0  -  6 .5  jum. A p r e s s u r e  
b a la n c in g  system  a c r o s s  t h e  windows a llo w ed  th e  use  of t h i n n e r  
windows th e r e b y  g iv in g  th e  maximum t r a n s m i s s io n  ra n g e .
The a b s o r p t io n  bands o f  i n t e r e s t  o v e r  t h e  e f f e c t i v e  s tu d y  ran g e  a re  
th e  2 .0  jum, 2 .7  jum and 4 .3  jam "bands o f  CO2. , t h e  1 .9  jam, 2 .7  jum and 
p a r t  of t h e  6.3  jam bands o f  H£p v a p o u r ,  and th e  2 .3 5  jam and 4 .7  yum 
bands of 00 . Of t h e s e ,  o v e r la p p in g  band r e g io n s  e x i s t  i n  t h r e e  
c a s e s : -
I n  t h i s  i n v e s t i g a t i o n ,  m easurem ents  were made a lm o s t e n t i r e l y  o f  
th e  low er  w ave leng th  b an d s ,  i e .  below 4 jam. T h is  was n e c e s s a ry  
because  o f  t h e  c e r t a i n  o p t i c a l  l i m i t a t i o n s  of th e  system  and i n  th e  
i n t e r e s t s  o f e x p e r im e n ta l  a c c u ra c y .  The i n t e n s i t y  o f  th e  i n c i d e n t  
r a d i a t i o n  i n  th e  4 .5  jam r e g i o n  i s  v e r y  much l e s s  th a n  i n  th e  2 -3  yam 
r e g io n  f o r  th e  fo l lo w in g  r e a s o n s
( i )  The e m is s iv e  power from  th e  so u rc e  i s  red u c ed  t o  ab o u t one
( I
( i i
( i i i
4 .3  jam CO2. and 4 .7  jam CO bands..
2 .0  jm  CO2. and 1 .9  yam H^O band s .
2 .7  yam CO2 and 2 .7  yam H2.O ban d s .
t h i r d .
( i i )  The t r a n s m i s s i v i t y  o f  th e  s a p p h i r e  windows d ro p s  from  abou t
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90$ a t  4 pun to  a b o u t  50$ a t  5 pun. For two windows t h i s  c o rre sp o n d s  
to  a r e d u c t io n  of about t w o - t h i r d s .
( i i i )  The r e f r a c t i o n  g r a t i n g  i s  b lazed  a t  2 pun. The i n t e n s i t y  o f  
r e f r a c t e d  r a d i a t i o n  a t  w av e len g th s  e i t h e r  s id e  o f  2 pun d e c r e a s e s  
m arkedly . T h is  does n o t  a f f e c t  the  i n t e n s i t y  o f  r a d i a t i o n  p a s s in g  
to  and th ro u g h  th e  t e s t  c e l l  bu t does l i m i t  th e  i n t e n s i t y  i n c i d e n t  
on the  therm ocoup le  d e t e c t o r .
A llowances can be made f o r  t h e s e  low i n t e n s i t y  l e v e l s  by i n c r e a s i n g  
the  g a in  on th e  d e t e c t o r  a m p l i f i e r .  T h is ,  how ever, d e c r e a s e s  th e  
s i g n a l - t o - n o i s e  l e v e l  and hence  th e  e x p e r im e n ta l  a c c u ra c y .
The 4 .3  pm CO2. and 4*7 pm CO bands a t  h ig h e r  t e m p e ra tu re s  and 
p r e s s u r e s ,  f u r th e r m o r e ,  e x te n d  beyond 5 pm w hich  i s  th e  c r o s s - o v e r  
w avelength  of th e  two g r a t i n g s  i n  th e  m onochrom ator.
The range of o p e r a t in g  c o n d i t io n s  covered  i n  t h i s  s tu d y  i s  g iv e n  
i n  Table 1 . The t e s t  ru n  numbers c o rre sp o n d in g  to  th e  v a r io u s  
a b s o rp t io n  bands and t o ‘ th e  o p e ra t in g  c o n d i t io n s  a r e  o u t l i n e d  i n  
t a b l e s  2 and 3 r e s p e c t i v e l y .
SPECTRAL ABSORPTIVITIES
The e x p e r im e n ta l ly  d e te rm in e d  s p e c t r a l  a b s o r p t i v i t i e s  f o r  each  of 
th e  bands i n v e s t i g a t e d  a re  p re s e n te d  i n  Appendix IV.
1 CARBON DIOXIDE
CO2. i s  a  l i n e a r  sy m m e tr ic a l  m o lecu le  hav ing  f o u r  fu n d am en ta l  
v i b r a t i o n  f r e q u e n c i e s .
1.1  2 .0  pm Band
The 2 .0  pun C0Z a b s o r p t io n  band c o n s i s t s ,  i n  f a c t ,  o f  t h r e e  
com bination  bands c e n t r e d  a t  1 .96  pun, 2.01 pun and 2 .06  pun. A l l  
t h r e e  bands a r e  r e l a t i v e l y  weak even a t  e le v a t e d  p r e s s u r e s  and 
t e m p e ra tu re s ,  and a s  such  a r e  b e s t  re g a rd e d  a s  a  s i n g l e  band. The j 
sometimes d i f f e r i n g  e f f e c t s  of t e m p e ra tu re ,  p r e s s u r e  and com position j 
on each o f  th e  t h r e e  bands can be seen  t o  some e x t e n t  i n  F ig u r e s  ;
i
15 -  20, where th e  s p e c t r a  o f  th e  band do n o t  a lw ays show th e  smooth! 
f e a t u r e s  e x p e c te d .
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F ig u re  15 shows th e  e f f e c t  of p r e s s u r e  on th e  band. A n o t i c e a b l e  
f e a t u r e  i s  th e  m inor e f f e c t  p roduced  on th e  o v e r a l l  band w id th .
The wings of the  p re s s u re -b ro a d e n e d  l i n e s  rem ain  r e l a t i v e l y  weak.
F ig u re  16 shows th e  e f f e c t  o f t e m p e ra tu re  on t h e  band. I t  i s  n o t  
p o s s ib le  to  a s c e r t a i n  th e  e f f e c t s  o f  e l e v a t e d  te m p e ra tu re s  on th e  
band i n t e n s i t y  r e s u l t i n g  from th e  p o p u la t io n  of a d d i t i o n a l  energy  
l e v e l s .  T h is  i s  because  of th e  o ppo sing  e f f e c t s  of d e c re a se d  
a b so rb in g  gas c o n c e n t r a t io n  a t  h i g h e r  t e m p e r a tu r e s .  F ig u re  17, 
however, shows th e  e f f e c t  o f t e m p e r a tu re  on th e  band a t  c o n s ta n t  
a b s o rb e r  c o n c e n t r a t i o n ,  but a g a in  d o es  n o t  a l lo w  f o r  th e  e f f e c t s  o f  
p r e s s u r e  b ro a d e n in g .  I t  can be s e e n  t h a t  te m p e ra tu re  has l i t t l e  
e f f e c t  e x c e p t  a t  th e  h ig h e s t  t e m p e r a tu re  (900 K ) . The marked sp e c ­
t r a l  d i f f e r e n c e s  i n  f i g u r e  17b, how ever, a r e  p a r t l y  th e  r e s u l t  o f  
th e  d i f f e r e n t  s l i t  w id th s  employed i n  t h e s e  two s c a n s .  This i s  a 
v e ry  im p o r ta n t  c o n s i d e r a t i o n  when com paring th e  r e s u l t s  o f  d i f f e r e n t  
i n v e s t i g a t o r s :  a l th o u g h  th e  band a b s o rp ta n c e  (o r  i n t e g r a t e d  s p e c t r a l
a b s o r p t i v i t i e s )  sho u ld  be e q u a l ,  t h e  a c t u a l  band shape i s  dependen t 
on th e  o p t i c a l  s e t t i n g s  of t h e  r e c o r d in g  equ ipm en t.
F ig u re s  16 and 17 do n o t  a c c o u n t  f o r  th e  e f f e c t s  o f p re s s u r e  b ro a d ­
e n in g .  F ig u re  18 shows th e  s i m i l a r i t y  be tw een s p e c t r a  re c o rd e d  a t  
d i f f e r e n t  te m p e ra tu re s  but w i th  th e  same a b s o r b e r  c o n c e n t r a t i o n  and 
t o t a l  p r e s s u r e .  Because d i f f e r e n t  mole f r a c t i o n s  of CO^ a re  used  
th e  e f f e c t s  of s e l f -b r o a d e n in g  w i l l  n o t  be ta k e n  i n to  a c c o u n t .
F ig u re  19 shows th e  e f f e c t  o f  p a th l e n g t h  on th e  s p e c t r a l  a b s o r p t i ­
v i t y ,  b e in g  s o l e l y  th e  e f f e c t  o f  a b s o r b e r  c o n c e n t r a t i o n .  A gain , anyj
com parison  i s  d i f f i c u l t  because  o f  th e  d i f f e r e n t  s l i t - w i d t h s  u se d .  I
j
i
i
F ig u re  20 shows th e  e f f e c t s  o f  p r e s s u r e  b ro a d e n in g  on th e  s p e c t r a l  
a b s o r p t i v i t i e s  a t  c o n s ta n t  a b s o r b e r  c o n c e n t r a t i o n  and t e m p e r a tu r e .  
Only m inor e f f e c t s  a re  n o t i c e a b l e .
. 1 .2  2 .7  pm Band
The 2 .7  Jim band of C02_ i s  d om ina ted  by two c o m b in a t io n  bands 
c e n t r e d  a t  2 .6 9  Jim and 2 .7 7  Jim, r e s p e c t i v e l y .  . T h is  i s  c l e a r l y  
i n d i c a t e d  i n  th e  low p r e s s u r e  s p e c t r a  i n  f i g u r e  21 where two peaks 
dom inate  th e  band shap e . At e l e v a t e d  p r e s s u r e s ,  b o th  bands i n c r e a s e  
i n  i n t e n s i t y ,  t h e i r  s p e c t r a l  e n v e lo p e s  o v e r la p p in g  to  g r a d u a l ly  
e l im in a te  t h e  in te r v e n in g  t r o u g h .  As th e  peak  i n t e n s i t i e s  a p p ro a ch
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u n i ty  a band head becomes a p p a re n t  a t  the  low er w a v e le n g th .  At 
th e  upper w a v e len g th  l i m i t ,  however, th e  band c o n t in u e s  to  b ro ad e n . 
This i s  due to  th e  c o n t in u e d  p r e s s u r e  b ro ad en in g  of t h e  much weaker 
com bina tion  bands c e n t r e d  a t  2.81 pm and 2 .86  pm.
The e f f e c t s  of t e m p e ra tu re  a t  c o n s ta n t  p r e s s u r e  a r e  show i n  f i g u r e s  
22 and 23. Where p r e s s u r e  b ro ad en in g  of th e  band h a s  n o t  been  
completed a t  am b ien t te m p e ra tu re  ( f i g u r e  22) two p o i n t s  a r e  a p p a re n t  
The 2 .69  pm band changes v e ry  l i t t l e  i n  shape compared t o  th e  2 .7 7  
pm band. I n  th e  l a t t e r  c a s e ,  th e  peak a b s o r p t i v i t y  d ro p s  w h i l s t  th e  
band l i m i t s  c o n t i n u a l l y  expand. A form of " te m p e ra tu re  b ro ad e n in g "  
ta k e s  p l a c e ,  w i th  th e  o v e r a l l  band i n t e n s i t y  chang ing  o n ly  s lo w ly .  
•This p ro b a b ly  r e s u l t s  from  th e  p resen ce  of a d d i t i o n a l  s p e c t r a l  l i n e s  
a t  h ig h e r  t e m p e ra tu re s  w h i l s t  t h e  i n t e n s i t i e s  o f  i n d i v i d u a l  l i n e s  
d rop  due t o  th e  lo w e r  a b s o rb e r  c o n c e n t r a t io n .  The s l i g h t  s h i f t  o f  
peak  w av e len g th  to  somewhat h ig h e r  v a lu e s  w i th  t e m p e ra tu re  a l s o  
d i s p l a y s  th e  i n c r e a s i n g  e f f e c t  o f  th e  weaker bands beyond th e  2 .77  
pm band.
With h ig h e r  p r e s s u r e s ,  where th e  i d e n t i t y  of t h e  two bands i s  a lm o s t  
smeared ou t ( f i g u r e  2 3 ) ,  t e m p e ra tu re  has the  e x p e c te d  e f f e c t  o f  
com ple ting  t h e  m erger of th e  bands and b ro ad e n in g  th e  o v e r a l l  band 
envelope s o l e l y  a t  t h e  u p p e r  w aveleng th  l i m i t .
The e f f e c t s  o f  t e m p e r a tu re  on th e  two bands a t  c o n s ta n t  p r e s s u r e  
and a b s o rb e r  c o n c e n t r a t i o n  a r e  shown i n  f i g u r e  2 4 .  The c h a r a c t e r i s ­
t i c s  d e s c r ib e d  above a r e  a p p a r e n t  even w i th o u t  th e  a d d i t i o n a l  e f f e c ts  
of c o n c e n t r a t i o n  and p r e s s u r e .  No a l lo w a n c e s ,  how ever, a r e  made f o r  
s e l f - b r o a d e n i n g .
The r e l a t i v e  im p o r ta n c e  of s e l f - b r o a d e n in g  and f o r e i g n  g a s  b ro ad en ­
in g  i s  shown t o  be i n s i g n i f i c a n t  i n  f i g u r e  25.
1 .3  4 .3  jmm Band
The 4 .3  p*n band o f  CO^ i s  dom inated  by a fu n d am e n ta l  band c e n t r e d  
a t  4 .26  pm, w i th  m a jo r  c o n t r i b u t i o n s  from i s o t o p i c  b an d s .  Even a t  
low p r e s s u r e s  and mole f r a c t i o n s ,  th e  band i s  f u l l y  b roadened  i n  the: 
c e n t r e .
The e f f e c t s  of p r e s s u r e  a t  am bien t te m p e ra tu re  a r e  shown i n  f i g u r e  
26. The band head r e p o r t e d  a t  4 .1 7  pm. i s  n o t  i n  e v id e n c e ,  due to
th e  s t r o n g  in f lu e n c e  of th e  w ings of th e  broadened l i n e s  and t h e  
l a r g e  s p e c t r a l  s l i t - w i d t h  employed f o r  th e  s c a n .  No a d d i t i o n a l  l i n e  
s t r u c t u r e  shou ld  be p re s e n t  beyond th e  band h ead , however. The 
e f f e c t s  of p r e s s u r e  e l e v a t io n  a re  to  broaden  the  band a t  bo th  l i m i t s .  
At th e  h ig h e r  p r e s s u r e s ,  the  u p p e r  w ave leng th  wing of th e  band i s  
ex p ec ted  to  be in f lu e n c e d  by th e  weak band a t  4 .8  jum.
An e l e v a t i o n  i n  te m p era tu re  a t  c o n s ta n t  p r e s s u r e  r e s u l t s  i n  a 
s l i g h t  s h i f t  o f  th e  band to  h ig h e r  w av e len g th s  ( f i g u r e  27)* This 
i s ,  to  some e x t e n t ,  due to  th e  lo w er  e f f e c t i v e  c o n c e n t r a t io n  of th e  
gas a t  h ig h e r  te m p e ra tu re s ,  and i s  p a r t l y  shown by comparing c u rv es  
I  and I I I  i n  f i g u r e  28 which a r e  a t  c o n s ta n t  c o n c e n t r a t io n .  The 
low er w av e len g th  l i m i t  shows v e ry  l i t t l e  change whereas some b ro ad ­
en in g  i s  n o ted  a t  th e  upper w av e len g th  l i m i t .  D avies (25) r e p o r t e d  
a  s i m i l a r  band s h i f t  a t  e l e v a t e d  te m p e ra tu re s  which he a t t r i b u t e d  to  
the  b ro ad en ing  o f  th e  r o t a t i o n a l  s t r u c t u r e  and th e  a n h arm o n ic i ty  of 
th e  v i b r a t i o n a l  energy  l e v e l s .  No a d d i t i o n a l  bands a re  e x c i t e d  a t  
h ig h e r  te m p e ra tu re  l e v e l s  (122), a l th o u g h  th e  band s t r u c t u r e  becomes 
v e ry  complex.
The i n f lu e n c e  o f  p re s s u re  b ro ad en in g  on the  shape of th e  band appears 
to  be v e ry  s m a l l .  F ig u re  28 shows a  com parison  between two s e t s  o f  
s p e c t r a  a t  c o n s ta n t  c o n c e n t r a t i o n .  As su ch , th e  r e l a t i v e  e f f e c t s  
o f  s e l f - b r o a d e n in g  and f o r e i g n - g a s  b ro ad en in g  a re  s i m i l a r .
CARBON MONOXIDE 
2 .55  pm Band
The f i r s t  o v e r to n e  band o f  CO i s  a  weak band even a t  e le v a te d  p r e s ­
s u r e s ,  f i g u r e  29. This band c o n s i s t s  of r e g u l a r l y  spaced l i n e s  
whose s t r e n g t h s  and w id th s  v a ry  s lo w ly  from one to  th e  n e x t .  At 
e le v a te d  te m p e ra tu re s  and low er p r e s s u r e s ,  th e  e f f e c t s  of D oppler 
b ro ad en in g  on th e  l i n e  w id th  become com parable  to  th o se  of c o l l i s i o n  
b ro ad e n in g .
E le v a te d  te m p e ra tu re s  and p r e s s u r e s  have l i t t l e  e f f e c t  on th e  band 
w id th ,  th e  i n t e n s i t y  of th e  band be ing  r e l a t e d  t o  th e  c o n c e n t r a t i o n  
of a b so rb in g  g a s ,  f i g u r e s  29 and 30.
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WATER VAPOUR
Since  th e  measurement of band a b s o r p t io n  f o r  pu re  sam ples a t  
e le v a te d  p r e s s u r e s  was a  prime o b j e c t i v e  of t h i s  s tu d y ,  t h i s  l i m i t e d  
th e  low er te m p e ra tu re  o f  o p e r a t io n .
Water vapour p o s s e s s e s  a s t r o n g l y  a sy m m e tr ic - to p  m olecu le  which 
produces a v e ry  c o m p lica te d  sp ec trum . At e l e v a t e d  te m p e r a tu r e s ,  a 
number o f  r o t a t i o n a l  l i n e s  a p p e a r  and c o n s id e r a b le  o v e r la p  r e s u l t s  
from th e  in c r e a s e d  p o p u la t io n  of th e  h ig h e r  v i b r a t i o n - r o t a t i o n  
l e v e l s .  As su c h ,  te m p e ra tu re  b ro ad en in g  o c c u r s .  Only a sm a l l  
number o f  a d d i t i o n a l  v i b r a t i o n  bands a re  e x c i t e d  a t  h ig h e r  
t e m p e ra tu re s .
1 .9  Aim Band
The 1 .9  jam band of H^O vap o u r  i s  dom inated  by t h e  c o m b in a t io n  band 
a t  1 .88  jam w ith  m inor bands b e in g  p r e s e n t  a t  1.91 jam and 2 .1 4  jam.
The e f f e c t s  o f th e  two higher w ave leng th  bands a r e  very  much i n  
ev idence  i n  f i g u r e s  31 -  34 .
At low er p r e s s u r e s ,  f i g u r e  31, th e  band i s  c h a r a c t e r i s e d  by two 
peaks showing th e  in f lu e n c e  of th e  two bands n e a r  1 .9  jam. At 
h ig h e r  p r e s s u r e s ,  how ever, t h e  i d e n t i t y  o f  th e  two bands s t a r t s  to  
d is a p p e a r  as  th e y  merge t o g e t h e r .  Even a t  th e  h i g h e s t  p r e s s u r e s ,  
f u l l  b ro a d e n in g  o f  t h e  band c e n t r e  i s  s t i l l  in c o m p le te .  The band­
w id th  rem a in s  e s s e n t i a l l y  unchanged.
At e le v a te d  t e m p e r a tu r e s ,  f i g u r e  32, th e  i n t e n s i t y  of t h e  band 
d e c re a s e s  a s  a  r e s u l t  of th e  reduced  c o n c e n t r a t i o n .  The band w id th  
rem ains unchanged . The e f f e c t  o f te m p e ra tu re  a t  c o n s ta n t  c o n c e n t r a ­
t i o n ,  f i g u r e  33, shows o n ly  s l i g h t  changes i n  th e  sp e c tru m . The two 
bands a re  b roadened  to  a  s m a l l  e x te n t  a t  h ig h e r  t e m p e r a tu re ,  
r e s u l t i n g  i n  a  sm a l l  d rop  i n  th e  peak a b s o r p t i v i t y  cou p led  w i th  some 
widening of t h e  band . The b ro ad en in g  e f f e c t  i s  more n o t i c e a b l e  i n  
th e  1.91 Jim band , which i s  p a r t l y  in f lu e n c e d  by th e  lo w er  w av e len g th  
wing of t h e  weak 2 .14  jam band .
At c o n s ta n t  c o n c e n t r a t i o n  and t e m p e ra tu re ,  f i g u r e  34 i n d i c a t e s  t h a t  
th e  e f f e c t s  o f  s i m i l a r  m olecu le  i n t e r a c t i o n s  ( s e l f - b r o a d e n i n g )  a re
much l e s s  th a n  th o s e  w i th  d i s s i m i l a r  m o le c u le s  ( f o r e i g n - g a s  b ro ad e n -
2 .7  pm Band
The 2 .7  pm band of H^O vapour i s  dom inated  by th e  two fu n d am en ta l  
bands c e n t r e d  a t  2 .66  pm and 2 .74  pm. T h is  i s  n o t ic e a b le  i n  t h e  
low er p r e s s u r e  spectrum  of f i g u r e  35. A t h i r d  peak i s  p r e s e n t  a t  
2 .5 8  pm due to  th e  e f f e c t s  o f  a  co m b in a tio n  band . Even a t  th e  
lo w e s t  p r e s s u r e ,  th e  c e n t r e  o f  band i s  a p p ro a c h in g  maximum a b so rp ­
t i o n .  The e f f e c t s  o f  i n c r e a s in g  th e  p r e s s u r e  a re  to  f u l l y  b roaden  
th e  band c e n t r e  and p r o g r e s s i v e l y  widen th e  band i n  both  w ings. At 
th e  upper w aveleng th  l i m i t ,  t h e  weak band a t  3 .1 7  pm has an i n c r e a s ­
in g  e f f e c t  on t h i s  wing.
For pure  w a te r  vapour a t  c o n s t a n t  p r e s s u r e ,  t h e  band w id th  i s  n o t  
a f f e c t e d  by te m p e ra tu re  to  any g r e a t  d e g re e ,  f i g u r e  36. The lo w er  
c o n c e n t r a t i o n  of the  h ig h e r  t e m p e r a tu re  s p e c t r a ,  however, re d u c e s  
th e  i n t e n s i t y  a t  t h e  m iddle o f  th e  band . At c o n s ta n t  c o n c e n t r a t i o n ,  
f i g u r e  37, th e  band i s  te m p e ra tu re  b roadened  on bo th  wings and , a s  
i n  th e  case  of p r e s s u r e  b ro a d e n in g ,  t h e  e f f e c t  a t  th e  upper wave­
l e n g t h  l i m i t  i s  more s i g n i f i c a n t .
As i n  th e  case  of the  1 .9  pm band , th e  i n t e r a c t i o n  between s i m i l a r  
m o lecu le s  p la y s  a g r e a t e r  p a r t  i n  b ro ad en in g  th e  band th an  does the  
i n t e r a c t i o n  o f  f o r e i g n  m o le c u le s ,  f i g u r e  38.
CARBON DIOXIDE AND WATER VAPOUR
2 .7  pm Bands
Carbon d io x id e  and w a te r  vap o u r  b o th  a b so rb  s t r o n g l y  i n  th e  2 .7  pm 
r e g io n  a l th o u g h  th e  w a te r  v ap o u r  band i s  much ih e  s t r o n g e r  of th e  
two, p red o m in an tly  because  of i t s  g r e a t e r  band w id th .  F ig u re  39 
compares th e  pure  s p e c t r a  o f th e  two a t  low and h ig h  c o n c e n t r a t io n s
and a t  two t e m p e r a tu re s .
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F ig u re s  40 -  43 , i n c l u s i v e ,  compare th e  s p e c t r a  f o r  CO .^ -  H^O 
m ix tu re s  a t  d i f f e r e n t  c o n d i t io n s  w ith  carbon  d io x id e  and w a te r  
vapour s p e c t r a ,  broadened s o l e l y  w i th  n i t r o g e n ,  o f  SIMILAR mole 
f r a c t i o n ,  te m p e ra tu re  and t o t a l  p r e s s u r e .  I t  sh ou ld  be n o ted  th e  
c o n d i t io n s  do n o t  alw ays m atch and s l i t  w id th s  v a ry  s l i g h t l y  i n  
some c a s e s .
One n o t ic e a b l e  f e a t u r e  i s  t h a t  th e  s p e c t r a  f o r  w a te r  vapour and 
f o r  th e  m ix tu re  g e n e r a l l y  c o in c id e  c l o s e l y ,  em p h as is in g  th e  sm a ll  
in f lu e n c e  of ca rb o n  d io x id e .  Some b ro ad en ing  of th e  w ings of the  
w a te r  vapour sp e c tru m  o c cu rs  a s  a  r e s u l t  of th e  p re s e n c e  o f  00^. .
The expec ted  s p e c t r a l  a b s o r p t i v i t i e s  f o r  a CO^ -  H^O m ix tu r e ,  i e . 
w ith  c o r r e c t i o n s  f o r  o v e r l a p ,  can be c a l c u l a t e d  w i th  f a i r  a c c u ra c y  
from th e  fo l lo w in g  e x p r e s s io n  (d is c u s s e d  i n  s e c t i o n  3 . 3 5 ) s -
+ C02 -  ( (Xx) h 20 + (<Xx)c02 -  ( C<>)h 20 - (
where ( OQOh ^O and (OZxJco^ a re  s p e c t r a l  a b s o r p t i v i t i e s  o f 
each  a c t i v e  gas  on i t s  own, mixed w i th  n i t r o g e n  to  e q u i l i b r a t e  t h e  
t o t a l  p r e s s u r e .
F ig u re  44 compares t h e  c a l c u l a t e d  s p e c t r a l  a b s o r p t i v i t i e s  w i th  
th o se  o b ta in e d  e x p e r im e n ta l ly .  Only th e  c e n t r a l  w a v e le n g th s ,  i e .  
th o se  where c a rb o n  d io x id e  h as  an i n f lu e n c e ,  have been shown. The 
compared s p e c t r a  a r e  n o t  a lw ays c o in c id e n t ,  p a r t l y  b e ca u se  o f  
d i f f e r e n c e s  i n  o p e r a t i n g  c o n d i t i o n s  (mole f r a c t i o n ,  t o t a l  p r e s s u r e  
and even s l i t  w i d t h ) , b u t  t h e  band a b so rp ta n c e s  o v e r  th e  l i m i t e d  
w aveleng th  ra n g e s  a r e  a lw ays w i th in  10$.
The i n f r a - r e d  a b s o r p t io n  of g a s  m ix tu re s  i s  d i s c u s s e d  i n  more 
d e t a i l  i n  Appendix V.
BAND ABSQRPTANQES
By d e f i n i t i o n  th e  band a b s o r p ta n c e ,  AB, i s  g iv e n  b y : -
r Xu
Ab  *  J oC X . d \
-J X^ l
where OCx = m easured s p e c t r a l  a b s o r p t i v i t y
X l ,  ^ u  = lo w e r  and u p p e r  w aveleng th  l i m i t s  o f  band
su c h  t h a t  0<xu = 0.
In  s e c t i o n  3.31 i t  was shown t h a t ,  from t h e o r e t i c a l  c o n s i d e r a t i o n s ,
i t  shou ld  be p o s s i b l e  t o  c o r r e l a t e  e x p e r im e n ta l ly  d e te rm in e d  band
a b s o rp ta n c e s  by an  e x p r e s s io n  of th e  form:*-
where u = a b so rb e r  c o n c e n t r a t i o n  = xP^L ( 273/T) 
x = mole f r a c t i o n  of a b so rb in g  gas  
Pq3 = t o t a l  p r e s s u r e  of gas  
L = p a th le n g th  o f  i n f r a - r e d  r a d i a t i o n  i n  
* a b so rb in g  g a s .
T = a b s o lu te  te m p e ra tu re  o f g a s .
= e f f e c t i v e  p r e s s u re  o f  . gas = Pp (1 4- Bx) 
a , b , c , B  and K a re  c o n s t a n t s ,  which can be 
e m p i r ic a l ly  d e te rm in e d .
To d e te rm in e  th e  v a r io u s  c o n s t a n t s ,  a  number of g rap hs  can be 
p l o t t e d : -
( i )  Log A33 v s .  lo g  L @ c o n s ta n t  x ,  P^ and T; s lo p e  = a .
In  th e  p r e s e n t  s tu d y ,  o n ly  two p a th le n g th s  have been
u se d ,  one o f  which was l i m i t e d  t o  e x p e r im e n ts  a t  ambient 
t e m p e ra tu re .
( i i )  Log Ag v s .  lo g  u @ c o n s ta n t  Pg, L and T; s lo p e  = a .
The v a lu e  of c o n s ta n t  B must be d e te rm in e d  b e fo re h an d .
(iii)  Log Ag v s .  lo g  Pp @ c o n s ta n t  u ,  L and T; s lo p e  = b .
Again th e  v a lu e  of B i s  r e q u i r e d  b e fo re h a n d .
( iv )  Log Ag v s .  lo g  £xn (l+B x)3  @ c o n s t a n t  P(p, L and T; s lo p e  = b .
Value o f  B i s  r e q u i r e d ,  and c o n s ta n t  n  (= a /b )  can be v a r i e d
f o r  b e s t  f i t .
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(v) Log A-g v s .  lo g  Pqi @ c o n s ta n t  x ,  L and T; s lo p e  = a  + b . ;
( v i )  Log Ap v s .  lo g  T @ c o n s ta n t  x ,  L and Pgj; s lo p e  5 c -  a .  ;
D e te rm in a t io n  o f  c o n s ta n t  B j
j
By d e f i n i t i o n ,  two gas sam ples have t h e  same e q u iv a le n t  p r e s s u r e
(Pe ) when b o th  t h e  c o n c e n t r a t i o n  of t h e  a b so rb in g  gas (u) and th e  j
band a b so rp ta n c e  (Ag) a re  c o n s t a n t .  T h is i s  n o rm a l ly  d e te rm in ed  
by m easuring  Ag f o r  a pure  sample o f  th e  a b s o r b e r  i n  a  t e s t  c e l l  o f 
s h o r t  p a th l e n g th .  A c e l l  of lo n g e r  p a th le n g th  i s  t h e n  f i l l e d  w i th
th e  same c o n c e n t r a t i o n  of a b so rb in g  gas and i n c r e a s in g  q u a n t i t i e s  s
of n i t r o g e n  added u n t i l  th e  same band a b s o r p ta n c e  i s  o b ta in e d .  When ; 
t h i s  i s  a c h ie v e d ,  th e  fo l lo w in g  e q u i l i b r a t i o n  h o l d s : -
^  = %
111
1 12
i e .  P^)1 (1 + Bx-j) s= p^2 (1 + BX2 ) 
B = PT1 -  PT2
x2Pt2 " X1
s in c e  « U2 and x-j = 1 .00 
PTi L i = x2Pt 2l 2
B efore  i n t r o d u c in g  th e  c o r r e l a t i o n  e q u a t io n s  developed  f o r  each  
of the bands s t u d i e d ,  i t  i s  im p o r ta n t  to  r e i t e r a t e  t h a t  th e s e  
e q u a t io n s  a re  m ain ly  e m p i r ic a l  and a r e  based  on on ly  a sem blance 
of th e o ry .
CARBON DIOXIDE
2 .7  pun Band
The two c o m b in a t io n  bands w hich  dom inate  t h i s  "band" have n o t  been 
r e s o lv e d  b ecau se  of t h e i r  e x te n s iv e  o v e r la p ,  which i s  n e a r l y  
complete a t  h ig h e r  c o n c e n t r a t i o n s  and p r e s s u r e s .  As such  th e  
combined band a b s o rp ta n c e s  have been d e te rm in ed  a s  a  f u n c t i o n  o f  
th e  o p e ra t in g  v a r i a b l e s .
The r e l a t i o n s h i p  betw een t h e  band a b so rp ta n c e  (Ab ) and a b s o r b e r  
c o n c e n t r a t io n  (u) i s  shown, f o r  am bient t e m p e ra tu re ,  i n  f i g u r e  45- 
L ogarithm ic  s c a l e s  a r e  u sed  so  t h a t  th e  changes i n  exponent "a" i n  
th e  r e l a t i o n s h i p  Ag = f ( u ) a  can be n o te d .  At th e  low er  c o n c e n t r a ­
t i o n s ,  a  "weak band" r e l a t i o n s h i p  i s  observed  w i th  t h e  v a lu e  o f  "a" 
approach ing  u n i t y ,  a s  d i s c u s s e d  i n  s e c t i o n  3*30. Under t h e s e  
c o n d i t io n s ,  th e  e q u iv a le n t  p r e s s u r e  i s  found to  have l i t t l e  o r  no 
e f f e c t  on th e  band a b s o rp ta n c e :  an i n c r e a s e  i n  e q u iv a le n t  p r e s s u r e  
b roadens th e  s p e c t r a l  l i n e s  o f  th e  band b u t ,  s in c e  th e  l i n e s  a r e  
w ide ly  s e p a r a t e d ,  th e  d ro p  i n  th e  a b s o r p t io n  c o e f f i c i e n t  a t  th e  
c e n t r e s  of l i n e s  i s  com pensated f o r  by c o rre sp o n d in g  i n c r e a s e s  i n  
th e  wings.
At h ig h e r  c o n c e n t r a t i o n s ,  th e  power r e l a t i o n s h i p  d e c r e a s e s  s u b s t a n -
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t i a l l y  and a secon d , and c o n s t a n t ,  v a lu e  of "a" i s  obse rved
r e p r e s e n t in g  a ve ry  wide range  of c o n c e n t r a t i o n s .  This i s  a 
" s t ro n g  band" r e l a t i o n s h i p  s in c e  i t  r e p r e s e n t s  th e  s i t u a t i o n  where 
th e  c e n t r e s  of th e  s p e c t r a l  l i n e s  a re  c o m p le te ly  abso rbed  and 
f u r t h e r  i n c r e a s e s  occur s o l e ly  i n  th e  l i n e  w ings .
The sm a ll  d e v ia t i o n  between the  e x p e r im e n ta l  d a t a  and th e  b e s t  
f i t t i n g  curve  i n  f i g u r e  45 i n d i c a t e s  the  r e l a t i v e l y  s m a l l  e f f e c t  
t h a t  e q u iv a le n t  p re s s u re  has on th e  band a b s o r p ta n c e .  As such th e  
exac t  n a tu r e  o f  e q u iv a le n t  p r e s s u r e ,  i n  te rm s of t o t a l  and p a r t i a l  
p r e s s u r e s ,  i s  no t  o f g r e a t  im p o rtan c e .  For ca rb o n  d io x id e ,  two 
e x p re s s io n s  have been r e p o r t e d  (2 9 ,6 6 )  a s  be ing  a p p l i c a b l e : -  ^
( i )  Pg = P^ (1+Bx) w ith  B -  0 .3  
and ( i i )  P^ — Pg» [j + x (1 + BxPrp)^] w ith  B- 0 .5
I t  can be se en  t h a t  th e s e  e x p re s s io n s  have n o th in g  i n  common, 
a l th o u g h  i t  sh ou ld  be n o ted  t h a t  t h e  fo rm er  r e l a t i o n s h i p  was d e t e r ­
mined a t  p r e s s u r e s  up to  one a tm osphere  w h i l s t  th e  l a t t e r  was d e r iv e d  
a t  e le v a te d  p r e s s u r e s .
Although no d e f i n i t e  s tu d y  was c a r r i e d  out on th e  r e l a t i v e  b ro ad en ­
in g  e f f e c t s  of ca rb o n  d io x id e  and n i t r o g e n  on th e  a b s o r p t io n  bands
of carbon d io x id e ,  i t  was found from an i n v e s t i g a t i o n  of th e  a c q u ire d  
d a ta  t h a t  t h e r e  was some j u s t i f i c a t i o n  f o r  an e x p re s s io n  of t h e  form :
( i i i )  Pj) — Prp + Bx
w ith  v a lu e s  of B v a ry in g  between 3 .6  to  8 .7  depend ing  upon, 
bu t  n o t  r e l a t e d  t o ,  a b s o rb e r  c o n c e n t r a t i o n  and t o t a l  p r e s s u r e .
Using th e  t h r e e  a l t e r n a t i v e  e x p re s s io n s  f o r  e q u iv a le n t  p r e s s u r e  i n  
th e  f i n a l  c o r r e l a t i o n  e q u a t io n s  showed l i t t l e  e f f e c t  on t h e i r  
a cc u ra c y .
F u r th e r  Ap v e r s u s  u p l o t s ?a t  e le v a te d  t e m p e r a tu r e s ?a r e  d i s p la y e d  i n  
f i g u r e  46.
S ix  s e t s  of c o r r e l a t i o n  e q u a t io n s  were e m p i r i c a l l y  d e r i v e d : -
I .  Weak band c o r r e l a t i o n s  a t  e ach  of th e  f o u r  o p e ra t in g  
t e m p e ra tu re s .
I I .  A s i n g l e  weak band c o r r e l a t i o n  to  c o v e r  th e  whole range  
o f  t e m p e ra tu re s .
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I I I .  S tro n g  band c o r r e l a t i o n s  a t  each of th e  f o u r  o p e ra t in g  
t e m p e r a tu r e s .
IV. A s i n g l e  s t r o n g  band c o r r e l a t i o n  to  c o v e r  a l l  t e m p e ra tu re s .  
V. A- s i n g l e  c o r r e l a t i o n  f o r  weak and s t r o n g  bands a t  each  of 
th e  f o u r  o p e ra t in g  te m p e ra tu re s .
VI. A s i n g l e  c o r r e l a t i o n  f o r  weak and s t r o n g  bands co v e r in g  
th e  whole te m p e ra tu re  ran g e .
The b e s t  f i t t i n g  c o r r e l a t i o n  e q u a t io n s  and t h e i r  ra n g e s  of v a l i d i t y  
a re  g iven  i n  Table  4 . Comparisons between band a b s o r p ta n c e s  d e r iv e d  
from the  c o r r e l a t i o n  e q u a t io n s  and th e  m easured v a lu e s  a re  made in  
Table 5> and th e  c a l c u l a t e d  a c c u ra c y  of each  e q u a t io n  i s  shown i n  
T able  6.
For co n v en ien c e ,  band a b s o rp ta n c e s  a r e  i n  u n i t s  o f  nanom etres  
(m ic rom etres  x 10“’^ ) .
2 .0  jam Band
Three c o m b in a t io n  bands dom inate t h i s  "band" . B ecause o f  t h e i r  
e x te n s iv e  o v e r l a p ,  even a t  t h e  low er c o n c e n t r a t i o n s  and p r e s s u r e s ,  
combined band a b s o r p ta n c e s  have been d e te rm in e d  and  c o r r e l a t e d  
a g a in s t  o p e r a t in g  c o n d i t i o n s .
Due to  t h e  low  i n t e n s i t y  o f  th e  band, th e  a c c u ra c y  of t h e  m easured 
d a ta  i s  somewhat d im in ish e d .  L ikew ise , th e  a c c u ra c y  of th e  c o r r e l a ­
t i o n  e q u a t io n s  w i l l  be on ly  m odera te .
Three s e t s  o f  c o r r e l a t i o n s  were d e r i v e d : -
I .  Weak and s t r o n g  band c o r r e l a t i o n s  a t  am bien t te m p e ra tu re .
I I .  S in g le  c o r r e l a t i o n s  a t  each  o f  the  fo u r  o p e r a t in g  te m p e ra tu re s .
I I I .  A s i n g l e  c o r r e l a t i o n  c o v e r in g  th e  e n t i r e  t e m p e ra tu re  ra n g e .
The d e r iv e d  e q u a t io n s  a r e  g iv e n  i n  Table 7 , w i th  t h e  ra n g e s  of 
a p p l i c a t i o n s .  The band a b so rp ta n c e  i s  found  t o  be e s s e n t i a l l y  
in depend en t o f e q u iv a le n t  p r e s s u re  and w ith o u t  e x c e p t io n  has  a 
n e a r - l i n e a r  r e l a t i o n  w i th  c o n c e n t r a t i o n ,  even  i n  t h e  case  o f  the 
" s t r o n g ” band e q u a t io n .  T em pera ture  a p p e a rs  to  have m inim al e f f e c t  
on th e  a b s o r p ta n c e s  o t h e r  th a n  th ro u g h  i t s  i n f lu e n c e  on c o n c e n tr a ­
t i o n .
A com parison  be tw een  m easured and d e r iv e d  band a b s o r p ta n c e s  i s  g iv en  
i n  t a b l e  8 and th e  a c c u ra c y  of each  c o r r e l a t i o n  e q u a t io n  i s  shown i n
115
t a b l e  9. The i n c r e a s i n g  d e v ia t i o n  from th e  m easu r , . .  c ^ s o rp ta n c e s  
a t  h ig h e r  t e m p e ra tu re s  i s  an i n d i c a t i o n  of th e  reduced  a c c u ra c y  a t  
low c o n c e n t r a t io n s  and low a b s o rp ta n c e  v a lu e s .
4.3 /Am Band
A bsorp tance  m easurem ents f o r  the  4.3  pm band o f  002. were l im i t e d  
to  two t e m p e ra tu re s  (293& and 500K ) . A s i n g l e  c o r r e l a t i o n  e q u a t io n  
was developed  f o r  t h e  m easurem ents , some independ en ce  of te m p e ra tu re  
be ing  a p p a r e n t : -
Ab = 191 .2  u 0,154  PT 0,021 T = 293 -  500K
1 .9  <  u < 7 1  b a r .c m .
where Ag = Band a b s o rp ta n c e  (nm)
u = A bso rb e r  c o n c e n t r a t i o n  (bar .cm )
Prp = T o ta l  gas  p r e s s u r e  (b a r)
The band i s  o f " s t ro n g "  i n t e n s i t y  and i s  p r e s s u r e  b roadened  to  a 
sm a ll  e x t e n t .  T o ta l  p r e s s u r e ,  r a t h e r  th a n  e q u iv a le n t  p r e s s u r e ,  has 
been used i n  th e  e q u a t io n  i n  th e  absence  of any knowledge of t h e  
r e l a t i v e  b ro a d e n in g  e f f e c t s  o f  CO2. ' and N^ and b ecau se  of th e  low 
power dependency .
A com parison betw een t h e  m easured and c o r r e l a t i o n - d e r i v e d  band 
a b s o rp ta n c e s  i s  made i n  T able  10. The o v e r a l l  RMS d e v i a t i o n  i s  
e s t im a te d  a t  8 . 4$ ,  w h ile  f o r  am bient te m p e ra tu re s  o n ly  i t  i s  4 . 9$ .
* QARBON MONOXIDE (2 .3 5  jm  Band)
L im ited  m easurem ents were o b ta in e d  f o r  t h i s  band , U sing o n ly  pure  
sam ples, b ecause  of th e  low i n t e n s i t y .  A s i n g l e  c o r r e l a t i o n  equ a tim  
was d e r i v e d : -
A-g = 0 .806 u
where Ab = Band a b so rp ta n c e  (nm)
u = A bso rb er  c o n c e n t r a t i o n  (b a r .c m .)
which i s  a p p l i c a b l e  a t  a l l  t e m p e r a tu r e s .  The band i s  "weak" i n  
n a tu r e ,  a s  i n d i c a t e d  by th e  l i n e a r  r e l a t i o n s h i p  betw een Ab and u .
Due to  th e  low i n t e n s i t i e s  any q u a l i t a t i v e  dependence  on te m p e ra tu re  
i s  d i f f i c u l t  to  d e te rm in e .
A comparison between measured and c o r r e l a t i o n - d e r i v e d  band
a b so rp ta n c e s  i s  g iven  i n  t a b l e  1 1 . ,  mean d e v ia t io n s  b e in g  
> , 
e s t im a te d  a t  19*3/.
WATER VAPOUR
2 .7  pm Band
The accu racy  o f  th e  w a te r  v ap o u r  d a ta  was dependent upon two main 
c r i t e r i a .  S a t i s f a c t o r y  r e s u l t s  were o b ta in ed  w ith  pure sam ples a t  
a l l  t e m p e ra tu re s .  Where m ix tu re s  w i th  n i t r o g e n  were in v o lv e d  some 
in c o n s is te n c y  of d a t a  was n o te d ,  t h i s  be ing  a t t r i b u t e d  to  w a t e r -  
vapour d e s o r p t io n  from th e  w a l l s  o f  th e  t e s t  c e l l  on th e  a d d i t i o n  
of n i t r o g e n .  This a p p e a rs  t o  be a  much g r e a t e r  problem w i th  w a te r  
v a p o u r -n i t ro g e n  m ix tu re s  th a n  w i th  carbon  d io x id e - n i t r o g e n  m ix tu r e s .  
The second c r i t e r i o n  a f f e c t i n g  th e  a cc u ra c y  of band a b so rp ta n c e  
measurements f o r  th e  2 .7  jam band of w a te r  vapour i s  th e  d eg re e  of 
o v e r la p  o c c u r r in g  w i th  the  2 .0  jam and 3 .2  jam bands a t  th e  e le v a te d  
te m p e ra tu re s  in v o lv e d .  In  th e  c a s e s  where no d e f i n i t e  band l i m i t s  
can be a s c e r t a i n e d  i t  i s  n e c e s s a r y  to  "adop t"  l i m i t s  a f t e r  s tu d y in g  
th e  band p r o f i l e s  obse rv ed . I n  t h i s  way i t  was no ted  t h a t  t h e  lo w er  
and upper band l i m i t s  were c o n s i s t e n t l y  ta k e n  a s  2.1 and 3 .15  jam 
r e s p e c t i v e l y  i n  th e  c a s e s  where p r e s s u r e  -  and te m p e ra tu re  -  
b roaden ing  was g r e a t e s t .
Two s e t s  of c o r r e l a t i o n  e q u a t io n s  were d e r iv e d ,  t a b l e  1 2 : -
I .  At each  o p e ra t in g  te m p e r a tu re ,  f o r  pure  sam ples o n ly .
I I .  Covering th e  whole te m p e ra tu re  range and in c lu d in g  some 
v a lu e s  f o r  H2P-N2 m ix tu r e s .
A p lo t  of band a b so rp ta n c e  v e r s u s  a b s o rb e r  c o n c e n t r a t io n ,  f i g u r e  
47, w ith  l o g a r i th m ic  s c a l e s  and f o r  pure  sam ples o n ly ,  i n d i c a t e s  
th e  l i n e a r  r e l a t i o n s h i p  o b se rved  f o r  each  te m p e ra tu re .  The d a t a  
a t  700 K i s  somewhat more d i s p e r s e d  th a n  f o r  th e  o th e r  t e m p e r a tu r e s .
A com parison betw een band a b s o r p ta n c e s  d e r iv e d  from t h e  c o r r e l a t i o n  
e q u a t io n s  and th e  m easured v a lu e s  i s  shown in  Table 13* The 
v a r i a t i o n ,  i n  a l l  c a s e s ,  i s  w i th in  th e  bounds of e x p e r im e n ta l  
a c c u ra c y ,  t a b l e  14.
2 . 0  jam Band
A lthough dom inated by a co m b in a tio n  band a t  1 .88 yam, minor bands 
o v e r la p  even a t  low er c o n c e n t r a t i o n s .  The a b so rp ta n c e s  of th e  
combined bands have t h e r e f o r e  been de te rm in ed  and c o r r e l a t e d  
a g a i n s t  o p e ra t in g  c o n d i t i o n s .
The low i n t e n s i t y  o f th e  bands r e s u l t s  i n  th e  reduced  a cc u ra c y  o f  
th e  measured d a ta  and o f  th e  c o r r e l a t i o n  e q u a t io n s .  Two s e t s  o f  
c o r r e l a t i o n  e q u a t io n s  were d e r iv e d ,  T able  1 5 :-
I .  At each  o p e ra t in g  t e m p e r a tu re ,  f o r  pure  sam ples o n ly .
I I .  C overing  th e  whole t e m p e ra tu re  ra n g e ,  f o r  pure  sam ples o n ly .
The band a b so rp ta n c e  i s  e s s e n t i a l l y  independen t o f  e q u iv a le n t  
p r e s s u r e  and , i n  most c a s e s ,  v a r i e s  e s s e n t i a l l y  l i n e a r l y  w ith  
c o n c e n t r a t i o n .  A com parison  betw een th e  m easured and c o r r e l a t e d  
band a b s o rp ta n c e s  i s  shown i n  T ab le  16 and th e  a cc u ra c y  o f  th e  
c o r r e l a t i o n s  i n  Table 17.
COMPARISONS OF MEASUREMENTS WITH OTHER INVESTIGATIONS •
Most a v a i l a b l e  e x p e r im e n ta l  d a ta  i s  p u b l is h e d  w ith  band absorptances
— 1quo ted  i n  th e  wavenumber u n i t s  o f  r e c i p r o c a l  c e n t im e t r e s  (cm ) .  A 
f a i r  c o n v e rs io n  to  nanom etre u n i t s  can  be made u s in g  th e  expression: -
A3 (nm) = A3 ( c n f 1) x x 0.1 
where X0 i s  th e  c e n t r e  w av e len g th  of th e  band.
The a cc u ra c y  o f  th e  c o n v e rs io n  d im in ish e s  a s  th e  e f f e c t i v e  w id th  
o f  th e  band in c r e a s e s .
CARBON DIOXIDE
A d i r e c t  com parison w ith  o t h e r  i n v e s t i g a t i o n s  o f carbon  d io x id e  i s  
d i f f i c u l t  i n  most c a s e s .  Most s t u d i e s  have been concerned  w ith  
m e te o ro lo g ic a l  c o n d i t i o n s ,  i e .  a tm o sp h e r ic  te m p e ra tu re s  and pressures, 
low p a r t i a l  p r e s s u r e s  o f  a b s o rb in g  s p e c ie s  and lo n g  p a th l e n g th s .
High te m p e ra tu re  i n v e s t i g a t i o n s  have s i m i l a r l y  been l im i t e d  to  p r e s ­
s u r e s  up to  a tm o sp h e r ic ,  e s p e c i a l l y  where measurements have been
made u s in g  b u rn e r  f la m e s .  The m ajor problem, however, has been th e  “ 
g e n e ra l  la c k  of a v a i l a b l e  d a ta  a t  e le v a te d  te m p e ra tu re s  and p ressu res  
The s t u d i e s  c a r r i e d  out a t  th e  U n iv e r s i ty  of C a l i f o r n i a  by Edwards 
( 29 , 30 ) and Menard (&7 ) , however, proved a u s e f u l  so u rc e  of compara­
t i v e  d a ta .
1.1 2 .7  jum Band
The d a ta  of Edwards (30) and two o th e r  i n v e s t i g a t o r s  (34 ,127) f o r  /m
the  2 .7  band o f  CO2. have been compared a g a in s t  v a lu e s  o b ta in e d  from 
the  c o r re sp o n d in g  c o r r e l a t i o n  e q u a t io n s ,  t a b l e  18. The com parison  
i s  s u r p r i s i n g l y  c l o s e ,  e s p e c i a l l y  b e a r in g  in  mind th e  i n a c c u r a c i e s  
expected  on c o n v e r t in g  th e  band a b so rp ta n c e s  from one s e t  o f  u n i t s  
to  a n o th e r .
One m ajor c o n c lu s io n  t h a t  can be drawn from th e  com parison  i s  t h a t  
the  v a l i d i t y  o f  t h e  c o r r e l a t i o n  e q u a t io n s  can be j u s t i f i a b l y  
extended beyond th o s e  quo ted  i n  t a b l e  4.
1 .2  2 .0  pm Band
A s i m i l a r  com parison  was made f o r  th e  2 .0  jiim CO2. band w i th  d a ta  f o r  
th e  2 .0  i^m CO2. band from  Edwards, t a b le  19. Agreement was v e ry  good 
over th e  ra n g e  o f  c o n c e n t r a t i o n s  covered  by th e  p r e s e n t  s tu d y ,  even 
a t  low er v a lu e s  where t h e  a cc u ra c y  of th e  m easurem ents i s  a l r e a d y  
low. The com parison  i s  e q u a l ly  good a t  am bient and e le v a t e d  tem pera­
t u r e s .
1 .3  4.3  pm Band
The m easurem ents o f  Edwards, Burch e t  a l .  (34) and T o u r in  (128) on
the  4 .3  p  band o f  CO2. have been compared w i th  t h e  c o r r e l a t i o n
e q u a t io n  d e r iv e d  i n  t h i s  s tu d y ,  t a b l e  20. The r e s u l t s  a r e  a g a in
fa v o u ra b le  and i n d i c a t e  t h a t  th e  v a l i d i t y  range  of th e  c o r r e l a t i o n
can be ex tended  to  h ig h e r  c o n c e n t r a t i o n s .  This i s  n o t  s u r p r i s i n g
s in c e ,  w i th  t h e  band c e n t r e s  f u l l y  a b so rb in g ,  i n c r e a s e s  i n  band
i n t e n s i t y  o c c u r  o n ly  i n  th e  wings and presum ably i n  s t e p  w ith
c o n c e n t r a t io n .  Some u n c e r t a i n t y  i s  always p r e s e n t  i n  c o n v e r t in g  
—1from cm u n i t s  to  nm because  of th e  assumed c e n t r e  w av e len g th  i e .
4.3 jam ( e s p e c i a l l y  im p o r ta n t  where s e v e r a l  bands o v e r la p )  and 
because o f  th e  w id th  of th e  band. From t h i s  p o in t  of v iew , th e
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s i n g l e  r e s u l t  o f  T o u r in  i s  o f  i n t e r e s t  s in c e  i t  was quo ted  in  
u n i t s  o f  um.
CARBON MONOXIDE 
2 .35 pm Band
Comparisons f o r  th e  2 .35  jam band o f  CO were made between th e  
r e s u l t s  o b ta in e d  i n  t h i s  s tu d y  and th o s e  o f  Burch and W illiam s 
( 22) ,  V anderw erf and Shaw (132), and Abu-Romia and T ien  ( 2 ) ,
T able  21. R e s u l t s  were com parable i n  a l l  c a s e s  where am bien t 
te m p e ra tu re s  and a b s o r b e r  c o n c e n t r a t io n s  o v e r  30 atm . cm. were 
in v o lv e d .
WATER VAPOUR
2 .7  pm Band
There i s  a  g e n e r a l  s h o r ta g e  of com p ara tive  d a t a  f o r  w a te r  vapour 
a t  e l e v a t e d  p r e s s u r e s  and e le v a te d  t e m p e r a tu r e s .  Many i n v e s t i g a ­
t i o n s  have been  c a r r i e d  ou t a t  am bien t t e m p e r a tu re s ,  a tm o sp h e r ic  
p r e s s u r e  an d ,  h en ce ,  low p a r t i a l  p r e s s u r e s  o f  w a te r  v a p o u r .  Data 
a t  e l e v a t e d  te m p e ra tu re s  a r e  g e n e r a l l y  l i m i t e d  t o  a tm o sp h e r ic  
p r e s s u r e  and a g a in  low p a r t i a l  p r e s s u r e s .  C om para tive  bu t v e ry  
l im i t e d  d a ta  can  be found a t  th e  low er  p r e s s u r e s  (up to  2 atmosph­
e r e s )  f o r  th e  2 .35  jam band o f  H^O vapou r  from  T o u r in  (130), Nelson 
(90) and E lo r n e s  ( 4 5 ) .  The p re s e n t  m easurem ents show g e n e r a l l y  
good ag reem en t w ith  th e s e  i n v e s t i g a t i o n s ,  T ab le  22.
2 .0  /urn Band
A gain , co m p a ra t iv e  d a ta  f o r  th e  2 .0  jam band o f  H/?0 v ap o u r  i s  v e ry  
l i m i t e d ,  o n ly  N elson  (90)  and E lo rn e s  (45) p ro v id e d  s u i t a b l e  
r e s u l t s .  The com parison  i s  f a v o u ra b le  i n  o n ly  a  few c a s e s ,  
t a b l e  23 .
TOTAL ABSORPTANCE OF GASES
Although l im i t e d  t o  a tm o sp h e r ic  p r e s s u r e s  o n ly ,  th e  d a t a  p r e s e n te d  
by H o t t e l  (58)  f o r  C02 and H20 vapour a t  e le v a te d  t e m p e ra tu re s  
cou ld  be used a s  a  f u r t h e r  check on e x p e r im e n ta l ly - d e r iv e d  band 
a b s o r p ta n c e s .  T h is  i s  o n ly  p o s s i b l e ,  however, i f  d a ta  has  been 
a c q u ire d  f o r  a l l  th e  bands which c o n t r i b u te  to  t h e  a b s o r p t io n  o r  
em iss ion  o f  a  p a r t i c u l a r  g a s .
Fo r  example, i n  th e  c a se  o f  C02 , th e  15 pm band i s  r e s p o n s i b l e  f o r  
most o f th e  a b s o r p t io n  o f  th e  g as  a t  am bient t e m p e r a tu r e .  As th e  
tem p e ra tu re  r i s e s ,  how ever, th e  2 .7  pun and 4 .3  jam bands c o n t r i b u t e  
in c r e a s in g l y  t o  th e  t o t a l  a b s o r p t io n ,  w h i l s t  th e  c o n t r i b u t i o n  o f  
th e  15 jum band f a i l s  s h a r p l y .  T h is  in c r e a s in g  in f lu e n c e  o f  th e  
low er w ave leng th  bands i s  r e l a t e d  to  Wien’s D isp lacem en t Law 
(S e c t io n  3*8)*
Some o f th e  d a t a  p r i n t o u t s  i n  Appendix IV in c lu d e  e s t im a te s  o f 
band e m i s s i v i t y .  These have been de te rm ined  by r e l a t i n g  t h e  band 
e m iss io n ,  based  on th e  s p e c t r a l  a b s o r p t i v i t y / e m i s s i v i t y  d a t a ,  t o  
th e  t o t a l  e m iss io n  from  a  b lackbody  a t  th e  same te m p e ra tu re  a s  
th e  g a s .  The t o t a l  b lackbody  e m iss io n  was d e r iv e d  from  P la n e r s  
e q u a t io n  ( S e c t io n  3*7) .  I t  can  be n o ted  t h a t  even  a t  h ig h  
te m p e ra tu re s  (900K) and p r e s s u r e s  (8 b a r)  th e  e m i s s i v i t y  o f  th e
2 .7  yum C02 band, f o r  exam ple, i s  s t i l l  on ly  0 . 0 5  •
SECTION 7
CONCLUSIONS AND RECOMMENDATIONS
1 2 2
CONCLUSIONS
The te c h n iq u e  most used t o  s o lv e  .problems in v o lv in g  energy  
in te r c h a n g e  between a g a s  and , i t s  e n c lo s u re  i s  due t o  H o t t e l  (58)
and assumes t h a t  th e  g a se s  can  be s p e c i f i e d  a s  g rey  i e .  th e y
p o s s e s s  a  c o n s ta n t  e m i s s i v i t y  ( o r  a b s o r p t i v i t y )  o v e r  th e  e n t i r e  
sp ec tru m . The e m i s s i v i t y  d a t a  i s  p r e s e n te d  a s  a f u n c t i o n  o f  th e
te m p e ra tu re  and p a r t i a l  p r e s s u r e  o f  th e  e m i t t i n g  gas and th e  mean
p a th l e n g th  o f  th e  r a d i a t i o n .  C o r r e c t io n s  a r e  a v a i l a b l e  f o r  c a s e s  
where th e  t o t a l  p r e s s u r e  i s  n o t  a tm o sp h e r ic  a n d /o r  a m ix tu re  o f  
two o r  more e m i t t in g  g a s e s  i s  p r e s e n t .  The a b s o r p t i v i t y  by th e  
gas  o f  r a d i a t i o n  em anating  from  th e  su r ro u n d in g s  can be d e te rm in e d  
from H o t t e l ' s  d a ta  by a c c o u n t in g  f o r  th e  te m p e ra tu re  o f  th e  gas  
and th e  s u r ro u n d in g s .  The method i s  r e l a t i v e l y  s im ple  and i s  
ad eq u a te  f o r  many e n g in e e r in g  c a l c u l a t i o n s  r e q u i r i n g  a  q u ic k  
approx im ate  e v a l u a t i o n .  T h is  t e c h n iq u e  i s  o n ly  a p p l i c a b l e  t o  
c a s e s  o f  r a d i a t i o n  t r a n s f e r  where su r ro u n d in g s  a r e  b la c k  o r  n e a r ­
b la c k  and em it a p p r e c i a b le  th e r m a l  e n e rg y , and where th e rm a l  
e q u i l ib r iu m  e x i s t s .
I f  th e  e m i s s i v i t i e s  o f  th e  e n c l o s i n g  w a l l s  a r e  s m a l l ,  w h e th e r  th e y  
a r e  g rey  o r  n o n -g re y ,  th e  g r e y - g a s  method i s  no lo n g e r  a p p l i c a b l e .  
Under such  c o n d i t io n s  a  m ethod due t o  Edwards and N elson  (35,143) 
may be used . T h is  t e c h n iq u e  assum es a  n o n -g rey  gas  and t h a t  t h e  
energy  exchange i n  each  a b s o r p t i o n  band can be summated to  g iv e  
t h e  t o t a l  energy  ex change . T h is  a l s o  a l lo w s  a  more a c c u r a t e  
e v a l u a t i o n  o f  energ y  a b s o r p t i o n  d u r in g  m u l t i p le  r e f l e c t i o n .  T h is  
ap p ro ach  has  been e x ten d ed  (144,145,148) to  acc o u n t  f o r  n o n - i s o  th e rm a l  
g a s e s .
F u r t h e r  e n g in e e r in g  te c h n iq u e s  such  a s  t h a t  o f  C u r t i s  and Godson 
(145,146,147) f o r  n o n - i s o th e rm a l  g a s e s  and a n o th e r  due to  H o t t e l  e t  
a l  (62 ) ,  a  zon ing  m ethod, a r e  a l t e r n a t i v e  t r e a tm e n t s .
I n  o r d e r  to  make use  o f  t h e s e  t e c h n iq u e s  i t  i s  e s s e n t i a l  t o  
p ro v id e  e x te n s iv e  d a ta  on th e  band a b s o r p t io n  f o r  sam ples o f  
a b s o rb in g  g a se s  which c o v e r  a s  wide a ran g e  o f  p r e s s u r e s ,  te m p e ra ­
t u r e s  and c o n c e n t r a t i o n s  a s  p o s s i b l e .  I n  some, i n s t a n c e s  th e  
a b s o r p t io n  o f  an  e n t i r e  band does n o t  p ro v id e  s u f f i c i e n t  in fo rm a ­
t i o n  and d e t a i l s  abou t na rrow  s p e c t r a l  i n t e r v a l s ,  o b ta in e d  w i th  
in s t ru m e n ts  o f  m odera te  r e s o l u t i o n ,  a r e  o f t e n  e s s e n t i a l .  To t h i s  
end , e x te n s iv e  t a b l e s  o f  s p e c t r a l  and band a b s o rp ta n c e s  f o r  a  wide
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range  o f  c o n d i t i o n s  a r e  p r e s e n te d  in  Appendix IV. The experim en­
t a l l y - d e t e r m i n e d  d a ta  i s  f o r  w a te r  vapour and t h e  c a rb o n  o x id e s ,  
th e s e  b e in g  th e  e m i t t i n g / a b s o r b i n g  s p e c ie s  most e n c o u n te re d  in  
com bustion  cham bers , i n d u s t r i a l  f u r n a c e s ,  r o c k e t  e x h a u s t  j e t s  and 
i n  a tm o sp h e r ic  s t u d i e s .
Measurements o f  th e  a b s o r p t io n  bands o f  C02 , CO and  H20 vapo u r  
have been e x t e n s i v e  a t  room te m p e ra tu re .  Few m easurem ents a t  
e le v a te d  t e m p e r a tu re s  and p r e s s u r e s  have been c a r r i e d  o u t ,  however. 
F u r th e rm o re ,  t h e o r e t i c a l  s t u d i e s  o f  a b s o r p t io n  and e m iss io n  a t  h ig h  
te m p e ra tu re s  a r e  e x tre m e ly  d i f f i c u l t  due t o  t h e  c o m p le x i ty  o f  th e  
s p e c t r a  ( r e s u l t i n g  from  th e  p o p u la t io n  o f  h ig h e r  v i b r a t i o n a l  s t a t e s )  
and th e  in a d e q u a c ie s  o f  e x i s t i n g  t h e o r e t i c a l  a p p ro x im a t io n s .
As a r e s u l t ,  i t  was deemed e s s e n t i a l  to  make q u a n t i t a t i v e  e x p e r i ­
m en ta l  m easurem ents o f  th e  a b s o r p t io n  bands a t  e l e v a t e d  tem p era ­
t u r e s  and p r e s s u r e s ,  and c o r r e l a t e  th e  d a ta  a g a i n s t  th e  o p e ra t in g  
c o n d i t i o n s .  The a b s o r p t i o n  d a ta  i s  p r e s e n te d  i n  a  form  s u i t a b l e  
f o r  use w i th  d i g i t a l  co m p u te rs ,  making i t  p o s s i b l e  t o  a n a ly s e  
r a d i a t i v e  h e a t  t r a n s f e r  p roblem s r a p i d l y  and a c c u r a t e l y .  I t  i s  
most im p o r ta n t  t o  s t r e s s  t h a t  e x t r a p o l a t i n g  th e  d a t a  o u t s id e  th e  
ran g es  o f  th e  o p e r a t in g  p a ra m e te r s  i n d i c a t e d  f o r  each  a b s o r p t io n  
band may l e a d  t o  some in a c c u r a c y ,  a l th o u g h  com parisons  w i th  d a ta  
from a l t e r n a t i v e  s o u rc e s  have i n d i c a t e d  t h a t ,  i n  some c a s e s ,  
e x t r a p o l a t i o n  can  be j u s t i f i e d .
A c cu ra te  g a s  e m is s io n  m easurem ents r e q u i r e  s u b s t a n t i a l  c o r r e c t i o n s  
f o r  th e rm a l  r a d i a t i o n  from  th e  sample gas co n ta in m e n t system  
( e s p e c i a l l y  t r a n s m i t t i n g  windows), and th e  use o f  a  s t a n d a r d  b la c k ­
body r e f e r e n c e .  The b e s t  ap p ro a ch  i s  to  d e te rm in e  r a d i a t i o n  
a b s o r p t io n  and r e l a t e  t h i s  to  e m i s s iv i t y  by means o f  K i r c h h o f f ' s  
Law. T h is  t e c h n iq u e ,  however, becomes u n s a t i s f a c t o r y  f o r  weak 
a b s o r p t io n ,  i e .  < 1  o r  2$, due t o  th e  redu ced  a c c u ra c y  o f  m easure­
m ent. I n  t h e s e  c a s e s ,  t h e  more c o m p lica te d  e m is s io n  te c h n iq u e  
becomes n e c e s s a r y .
Due to  th e  l i m i t a t i o n s  imposed by th e  m easu ring  equ ipm en t,  th e  
a b s o r p t io n  m easurem ents  have been  r e s t r i c t e d  t o  ftands below 5 pm, 
t o  te m p e r a tu re s  up t o  900K and to  p r e s s u r e s  o f  1 -  8 b a r .  The 
s p e c t r a l  a b s o r p t i v i t i e s  and t o t a l  a b s o rp ta n c e s  f o r  each  band have 
been p r e s e n t e d .  C o r r e l a t i o n  e q u a t io n s  r e l a t i n g  t h e  band absorptance 
w i th  gas  p a r t i a l  p r e s s u r e ,  t o t a l  p r e s s u r e ,  t e m p e r a tu re  and r a d i a ­
t i o n  p a th le n g th  have been d e v e lo p e d .  The a p p l i c a b l e  ran g e s  o f  
th e  o p e ra t in g  c o n d i t io n s  and th e  e x p ec ted  a c c u ra c y  o f  th e  c o r r e l a ­
t i o n s  have been qu o ted .
RECOMMENDATIONS
( i )  There i s  a need to  e x te n d  th e  p r e s e n t  s tu d y  to  h ig h e r  
te m p e ra tu re s  and p r e s s u r e s ,  t o  a l lo w  g r e a t e r  a p p l i c a t i o n  to  
p r a c t i c a l  sy s te m s . H ig h e r  g a s  c o n c e n t r a t i o n s  can a l s o  be a c h ie v e d  
by i n c r e a s in g  th e  l e n g t h  o f  t h e  t e s t  c e l l .  H ig h e r  w ave leng th  
bands, e s p e c i a l l y  th e  6 .3  jam H2O -vapour band and 4*3 jam CO  ^ band , 
cou ld  be i n v e s t i g a t e d  by t h e  s e l e c t i o n  of a s u i t a b l y - b l a z e d  
g r a t i n g  f o r  th e  s p e c t r o m e te r  and t h e  use o f  a  window m a t e r i a l  o f  
a d e q u a te  i n f r a - r e d  t r a n s m i s s i o n .  A s u i t a b l e  m a t e r i a l  w i l l ,  most 
l i k e l y ,  be p r o h i b i t i v e l y  e x p e n s iv e  o r  r e s t r i c t e d  i n  te m p e ra tu re  
a p p l i c a t i o n .
( i i )  A d d i t io n a l  a b s o r p t io n  d a t a  f o r  w a te r  vap o u r  m ix tu re s  w i th  
n i t r o g e n  i s  e s s e n t i a l  and t e c h n iq u e s  f o r  re d u c in g  w a te r  v a p o u r  
a d s o r p t io n  on to  and d e s o r p t io n  from  th e  m ix ing  c y l i n d e r  and t e s t  
c e l l  w a l l s  sh o u ld  be i n v e s t i g a t e d .
( i i i ) .  F u r t h e r  s t u d i e s  o f  band o v e r l a p  i n  m ix tu re s  o f  a b s o rb in g  
g a se s  a r e  r e q u i r e d  to  a s c e r t a i n  th e  e f f e c t s  o f  p r e s s u r e  and 
te m p e ra tu re  on o v e r la p  c o r r e c t i o n  f a c t o r s .
( i v )  The r e l a t i v e  e f f e c t s  o f  s e l f - b r o a d e n i n g  and f o r e i g n - b r o a d e n -  
in g  a t  v a ry in g  te m p e r a tu re s  f o r  a l l  t h e  bands i n v e s t i g a t e d  would 
be b e n e f i c i a l  to  th e  u n d e r s t a n d in g  o f  th e  phenomenon.
(v ) The a p p l i c a t i o n  o f  th e  d e r iv e d  c o r r e l a t i o n  e q u a t io n s  t o  a  
p r a c t i c a l  r a d i a t i o n  exchange p ro b lem  sh ou ld  be i n v e s t i g a t e d  t o  
e n su re  t h a t  t h e  d a ta  i s  p r e s e n t e d  i n  t h e  c o r r e c t  fo rm .
( v i )  The use  o f  th e  s p e c t r a l  a b s o r p t i v i t y  d a ta  a s  a  so u rc e  f o r  
t h e o r e t i c a l  s t u d i e s  sh o u ld  be en co u rag e d .
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FIGURE.4 . FURNACE CONTROL SYSTEM
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F IG U R E .1 5 .  CARBON D IO X ID E. VARIATION OF SPECTRAL ABSORPTIVITY
WITH PRESSURE. 2 . 0  p n  BAND.
WAVELENGTH ( p n )
F IG U R E .1 6 .  CARBON D IO X ID E . V ARIA TION  O F SPECTRA L A B SO R PTIV IT Y  
WITH TEM PERATURE. 2 . 0  p n  BAND.
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F IG U R E .1 7 .  CARBON D IO X ID E. EFFECT OF TEMPERATURE ON SPECTRAL
ABSORPTIVITY AT CONSTANT ABSORBER CONCENTRATION.
2 . 0  pm BAND.
0 . 1 5
0.10
0 . 0 5
x =  1.00 
L= 9 . 3 2  cm 
u =  26 b a r .
P =  5  b a r  
T = 2 9 3  K
P =  5  b a r  
T=  5 0 0  K
RUN
226
2 5 3
.9 ' 2.0  '2.1
WAVELENGTH (p m )
(b)
P =  2  b a r  
T= 2 9 3  K
P =  6 b a r  
T =  9 0 0  K
x =  1.00 
L= 9 . 3 2  cifi 
u =  26 b a r . c m .
’1 . 9  ' 2.0
WAVELENGTH (p m )
2.1
F IG U R E .1 8 .  CARBON D IO X ID E . E FFE C T  OF TEMPERATURE ON SPECTR A L 
A B SO R PT IV IT Y  AT CONSTANT ABSORBER CONCENTRATION 
AND TOTAL P R E S S U R E . 2 . 0  pm  BAND.
WAVELENGTH (pm)
RUNS
223
395
RUNS
25 3 
307
F IG U R E .1 9 .  CARBON D IO X ID E . VARIATION OF SPECTRAL ABSORPTIVITY
WITH PATHLENGTH. 2 . 0  p i  BAND.
1T 9 ^1.95 ^2.05  ^ 2.1
WAVELENGTH (pm)
F IG U R E .2 0 .  CARBON D IO X ID E . E FFE C T  OF PR ESSU R E BROADENING ON 
SPECTR A L A B S O R P T IV IT Y . 2 . 0  jam BAND.
RUNS
2 2 9
528
RUNS
226
307
F IG U R E .2 1 .  CO .  VARIATION OF SPECTRAL ABSORPTIVITY WITH PRESSURE.
2.7 pm BAND.
WAVELENGTH (pm)
F IG U R E .2 2 .  CO .  V ARIA TION  O F SPECTRAL A B SO R PT IV IT Y  WITH 
2 TEM PERATURE. 2 . 7  p i  BAND.
RUNS
94
119
224
427
144
F IG U R E .2 3 .  C 02 . V ARIA TION  OF SPECTRA L A B SO R PT IV IT Y  WITH
TEM PERATURE. 2 . ?  p m  BAND,
RUNS
236
256
280
404
WAVELENGTH (p m )
F IG U R E .2 4 .  CO .E F F E C T  O F TEMPERATURE ON SPE C T R A L  A B SO R PT IV IT Y
AT CONSTANT ABSORBER CONCENTRATION. 2 . 7  p m  BAND.
RUNS
141
248
429
449
145
F IG U R E .2 5 .  E F F E C T  O F PR ESSU R E BROADENING ON SPE C T A L  A B SO R PT IV IT Y  
C 02 .  2 . 7  jam BAND.
F IG U R E .2 6 .  V A R IA TIO N  O F SPECTR A L A BSO R PTIV ITY  W ITH P R E S S U R E . 
C 02 .  4 . 3  jm  BAND.
'RUNS
318
320
322
324
F IG U R E .2 7 .  VARIATION OF SPECTRAL ABSORPTIVITY WITH TEMPERATURE.
C 02 . 4 . 3  Jim BAND.
F IG U R E .2 8 .  E FFEC T  OF PR E SSU R E  BROADENING ON SPECTR A L A B S O R P T IV IT Y . 
C O ^ . 4 , 3  jam BAND.
RUNS
320
325
329
336
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F IG U R E .2 9 .  VARIATION OF SPECTRAL ABSORPTIVITY WITH PRESSURE.
CARBON MONOXIDE. 2 . 3 5  pm  BAND.
E . 3 0 .  V A R IA TIO N  O F SPECTR A L A B SO R PT IV IT Y  WITH TEM PERATURE. 
C O . 2 . 3 5  p m  BAND.
WAVELENGTH (pm )
148
F IG U R E .3 1 .  VARIATION OF SPECTRAL ABSORPTIVITY WITH PRESSURE.
WATER VAPOUR. 1 . 9  jam BAND.
i^H
EHM>H
EH
aOCO
PQ<
0 . 9 ___
0.8
° * 7 _
0.6
0 , 5 „  
0 . 4 _
0 . 3  ^
0.2
0.1
x = 1 .00
T = 5 0 0  K
It.= 9*32 cm
1.8 ' 1.9 '2 .0  
WAVELENGTH (jam )
RUNS
195
1 9 9
2 0 3
541
F IG U R E .3 2 .  VARIATION OF SPECTR A L A B S O R PT IV IT Y  W ITH TEM PERATURE. 
H2 0  VAPOUR. 1 . 9  jam BAND.
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F IG U R E .
1 4 9
3 3 .  EFFECT OF TEMPERATURE ON SPECTRAL ABSORPTIVITY AT
CONSTANT ABSORBER CONCENTRATION. t ^ O .  1.9  p n  BAND,
RUNS
201
545
6 3 3
3 4 .  E FFE C T  O F PR E SSU R E  BROADENING ON SPE C T R A L  A B SO R PT IV IT Y  
AT CONSTANT CONCENTRATION. H ^O • 1 . 9 ^p n  BAND.
RUNS
6 2 9
630
631
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F IG U R E .35 . VARIATION OF SPECTRAL ABSORPTIVITY WITH PRESSURE.
H20.VAPOUR. 2 , 7  pm  BAND.
RUNS
196
200
2 0 4
541
F IG U R E .56.  V ARIA TION  O F SPE C T R A L  A B S O R PT IV IT Y  WITH TEM PERATURE. 
H2 0  VAPOUR. 2 . 7  p m  BAND.
RUNS
202
212
222
151 I
F IG U R E .3 7 .  EFFECT OF TEMPERATURE ON SPECTRAL ABSORPTIVITY AT j
CONSTANT CONCENTRATION. H O  VAPOUR. 2 . ?  jum BAND. |
RUNS
202
545
6 3 3
F IG U R E .38.  E FFE C T  O F PR E SSU R E  BROADENING ON SPECTR A L A B SO R PT IV IT Y  
AT CONSTANT CONCENTRATION. 1 ^ 0 .  2 . 7  Jim BAND.
L = 9 . 3 2  cm
T = 900 R
u = 9.6 b a r . c m .
X P
I 1.00 3 . 4
/ i i 0 . 6 9 4 . 9
I I I 0 . 4 2 8.1
2.5
T T
"X 'x.
\  — - - . I I I
\  \  \  
\ \ \
\ \  \
\
\
\
\
2 .6  *2,7 *2.8 
WAVELENGTH (jam )
RUNS
6 2 9
630 
631
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F IG U R E .39,  COMPARISON OF WATER VAPOUR AND CARBON D IO X ID E  BANDS 
AT 2 . 7  jam .
RUNS
r u n s
1 4 1
2 4 8
4 2 9
4 4 9
WAVELENGTH (jam )
x = 1 . 0 0
I C °2 )
I I
HH2 ° )
I I I co2 )
IV
H2 ° )
T »  5 0 0  K ,  P =  5  b a r  
T = 9 0 0  K ,  P =  2  b a r
F IG U R E .4 0 .  SPECTRAL ABSORPTIVITY OF C02 -  H O  M IXTURES. (A )
15 3
0 . 9  
0^8 
0*2 
0.6 
> o,5M +■
° .i i
o.*l
0 - 2 .
0.1
i  y j i i
. / n- ' /  
jm , r
h i
7 . 0  . 5 4  . 4 6
7 . 0  -  . 4 7
7.0  .61
V '  / )  A
V  \
T =  5 0 0  K 
L =  9 . 5 2  cm
2.4 ' I 2.6 1 I2.8
WAVELENGTH (p m )
'3.2
RUNS
274
606
6 0 9
F IG U R E .4 1 .  SPE C T R A L  A B S O R P T IV IT Y  OF C 0_ -  Ho 0  M IX T U R E S. ( B )C d
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F IG U R E .4 2 .  SPECTRAL ABSORPTIVITY OF C02 ~H2 0  M IXTURES. (C )
F IG U R E .4 3 .  SPECTR A L A B SO R PT IV IT Y  O F CO -  H O  M IX T U R E S. (D )
o.a_
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o .2 _
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0 .1 .1 yv
/
1 _ E
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p X X
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4 . 9 ■* ►69
5 . 0 .28 mm
T = 9 0 0 K
L= 9 . 3 2 cm
i \  A l
\ / x H
\
V
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2 .4 2.6 2.8 3.0 3.2
WAVELENGTH (jam)
RUNS
162
627
630
FIGURE.44. CALCULATED VERSUS ACTUAL SPECTRAL ABSORPTIVITIES.
C02 AND H20 IN 2.7 jam REGION.
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FIGURE.45. CHANGE OF BAND ABSORPTANCE WITH ABSORBER CONCENTRATION.
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TABLE 2. TEST RUN NUMBERS FOR THE VARIOUS BANDS
H?Q. 1 .9  Band
Run numbers 195 -  221 (odd numbers o n ly )
HP0. 2 .7  pm Band
Run numbers 196 -  222 (even  numbers o n ly )
Hp 0. 1 .9  and 2 .7  A*m Bands
Run numbers 193, 194, 535 -  579, 583, 587, 591, 592, 596, 600, 
604, 607 -  614, 622, 626, 629 -  633
Hp0 and COg . 1*95 jum anc -^ 2 .7  pm Bands
Run numbers 580 -  582, 584 -  596, 588 -  590, 593 -  595, 597 -  599, 
601 -  603, 605 -  606, 615 -  617, 619 -  621, 623 -  625, 627 -  628
CO. 2 .35  jum Band
Run numbers 316 -  317, 407 -  426, 531 -  534
002 . 2 .0  jum Band
Run numbers 223, 226, 229, 232, 235, 238, 241, 244, 247, 250,
253 -  311 (odd o n l y ) ,  313 -  315, 353 -  396, 497 -  520, 526 -  530 •
COg. 2 .7  pm Band
5
Run numbers 93' — 162, 163 -  191 (odd o n ly ) ,  224, 227, 230, 233,
236, 239, 242, 248, 251, 254 -  312 (even  o n l y ) ,  397 -  406,
427 -  451, 457 -  496, 521 -  525 t
i
COg. 4 .3  Band
Run numbers 164 -  192 (even  o n ly ) ,  225, 228, 231, 234, 237, 240,
243, 246, 249, 252, 318 -  352, 452 -  456 i
TABLE 3. TEST RUN NUMBERS FOR VARIOUS OPERATING CONDITIONS
1. PATHLENGTH (L)
L = 9.32 cm. Run Numbers 93 -  471, 535 -  633.
L a= 15 .O cm. Run Numbers 472 -  534.
2. SCAN SPEED
0 .8  um/minute Run Numbers 93 -  162, 193 -  204, 214 -  216,
218, 535 -  633
0 .4  um/minute Run Numbers 163 -  192, 205 -  214,
1 217 -  219, 221 -  534
3. SLIT WIDTH (SW)
SW = 1 .94 mm Run Numbers 223 -  352, 397 -  406, 427 -  496,
(S e t t in g  of 18) 521 -  525, 535 -  633
SW = 1 .73 flvn Run Numbers 93 -  222
( S e t t in g  of 16)
SW = 1.19  nun Run Numbers 353 -  396, 407 -  426, 497 -  520,
( S e t t in g  of 11) 526 -  534
4. TEMPERATURE (T)
Ambient (T*2G°C) Run Numbers 163 -  192, 223 -  252, 301 -  338,
407 -  411 , 432 -  441, 472 -  534
Run Numbers 9 3 - 1 1 7 ,  193 -  204, 253 -  276,
339 -  352, 388 -  396, 412 -  416, 442 -  456,
535 -  541, 552 -  562, 579 -  582, 600 -  609
Run Numbers 118 -  142, 2 0 5 - 2 1 4 ,  277 -  300,
353 -  364, 417 -  4 2 1 , 457 -  466, 542 -  546, 563 
-  570 , 583 -  590, 610 -  621
Run Numbers 143 -  162, 215 -  222, 365 -  387, 
3 9 7 -  406, 422 -  431, 467 -  471, 547 -  551,
T = 500K 
T = 700K 
T = 900K
TABLE 4 . CORRELATION EQUATIONS FOR 2 . 1  pm BANE OF CARBON DIOXIDE
Ag * Band a b s o rp ta n c e  (nm) 
u = A b so rb er  c o n c e n t r a t i o n  (b a r .c m .)  
PE = E q u iv a le n t  p r e s s u re  (b a r )
T = A b so lu te  te m p e ra tu re  (K)
WEAK CORRELATIONS
ab = 23 .73 u T = 293K, u <  4 .3 b a r . cm.
ab = 27 .6 3 u T = 500K, u < 4 .9 b a r .c m .
ab = 32 .85 u T = 700K, u < 4 .9 b a r .c m .
ab = 36 .24 u T = 900K, u <  4.6 b a r . cm.
aB = 2 .649 u .T°-383 T = 293 to  900K i n c l u s i v e
STRONG CORRELATIONS
(III)  AB = 6 4 .8 6 u 0 -219Pb0- 051 T = 293K, 3 . 5 < u < 8 6  b a r .c m .
Ab = 85 . 51u 0-2 1 1 PE0- 031 T = 500K, 4.8  < u  <41 b a r .c m .
Ab _ 98. 86u 0 ' 228Pb° ‘ 031 T = 700K’ 4 ,1  < u < 2 8  6a r . cm.
Ab = 119 .40u°-031Pb 0 - 031 T = 900K, 4 .5  < u  <23  b a r .cm
(IV) Ab = 3 .936  u 0-192pB0 .0 3 1 T0.506 T = 2g3 tQ 90QK i a o l u s l v e
4.2  < u < 86 b a r . cm.
SINGLE CORRELATIONS
(V) AB = 110.66  PE° - 03( l o g 10, 0 .580 T = 293K, 1.7<u < 76 b a r .cm .
0 .670 T = 500K, 1 .5  < u < 41 b a r . cm.
0 .795 T = 700K, 1 . 8 < u < 2 8  ba r .cm .
0 .738 T SC 900K, 1 .5  <  u < 2 3 b a r . cm.
4 T0.506 T tocnC\JII t o  900K i n c l u s i v e .
1 . 5 < u < 76 bar.cm
where a  = 0 .323  l o S 10T -  0 .213
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TABLE 6. R.M.S. DEVIATIONS OF EXP NRI MEN T A L DATA (2 .7  Urn BAND 
" --------   OF C02)
CORRELATION TEMPERATURE NUMBER OF MEAN
"TKT DATA POINTS DEVIATION    ~
I  293 6 8.1
500 10 7.2
700 11 8.4
900 12 6.5
I I  293 to  900 39 7 .5
I I I  293 66 3-0
500 26 5 .2
700 20 4 .0
900 19 3 .7
IV 293 to  900 131 4 .2
V 293 70 2 .8
500 34 5 .7
700 30 5-9
900 29 4.1
VI 293 to  900 163 4 .8
TABLE 7 .  CORRELATION EQUATIONS FOR 2 . 0  jum BAND OF C02 .
( I )  WEAK BAND CORRELATION: AB = 0.61 u
u < 34 b a r . c m . , T = 293K
STRONG BAND CORRELATION: AB = 1.451 u 0 *758
3 4 < u < 8 6  b a r .c m . ,  T = 293K
( I I ) Ab - = 0 .827 u0 ,888 T = 293K, 4 .5  < u < 85 b a r . cm .
ab = 0.793 u 0.945 T = 500K, 2 .3  < u < 41 b a r . cm.
ab = 1.369
u0.805 T = 700K, 1 .6 < u < 28 b a r . cm-
ab = 1 .148
u0 .898 T = 900K, KNCMV PVK\• b a r . cm.
( I I I ) ab = 1 .232 u° . 796 T = 293 to  
1 .3  < u <85
900K i n c l u s i v e  
b a r . cm.
Ab = Band a b s o rp ta n c e  (nm) 
u = A bsorber c o n c e n t r a t io n  (b a r .c m .)
T = A b so lu te  te m p e ra tu re  (K)
TABLE 8 .
COMPARISON BETWEEN CORRELATED & MEASURED ABSORPTANCES F O R  
2 .0  yum 00^ BAND
RUN T L X Pm a B CORRELATED A-r (nm)
NUMBER (K) (cm) (b a r ) (nm) I  (weak) I( strong') I I I I I
301 293 9.32 0.1 9 5 7.1 5.1 5.4 6.6
303 293 9.32 0 .19 6 5 .9 6.1 _ 6.4 7 .7305 293 9 .32 0 .19 6. 7 7 .3 6 .8 - 7 .0 8.4
244 293 9.32 0.26 2 2 .9 2 .8 3 .2 4.1247 293 9.32 0.26 3 5 .6 4.1 _ 4 .5 5 .7
259 293 9.32 0.26 4 6 .2 5-5 — 5.8 7.1
313 293 9 .32 0.61 2 7 .9 6 .5 6 .8 8.1
314 293 9.32 0.61 3 10 .3 9 .8 ~ 9 .7 11 .2
315 293 9 .32 0.61 4 15.5 13 .0 — 12.5 14.1307 293 9 .32 0.61 5 18 .3 16 .3  I — 15.3 16.8
309 293 9 .32 0.61 6 20 .2 19.5 — 18.0 19.5311 293 9 .32 0.61 6. 7 19.2 — 19.7 21 .1
223 293 9 .32 1 .0 2 9 .0 10.6 10.4 12 .0226 293 9 .32 1 .0 3 15 .9 15.9 — 15.0 16.5
229 293 9 .32 1 .0 4 18 .8 — 19.9 19.3 20 .8232 293 9 .32 1 .0 5 22 .2 — 23 .5 23 .5 24 .8
235 293 9 .32 1 .0 6 25 .2 — 2 6 .8  ' 27.7 28.7238 293 9.32 1 .0 7 2 8 .2 — 30.1 31 .7 32.4
241 293 9 .32 1 .0 8 3 2 .8 — 33 .2 35 .7 36 .0
497 293 15 .0 0.1 2 2 .3 1 .7 2 .7 2 .8498 293 15 .0 0.1 3 2 .4 2 .6 — 3 .0 (3 .9 )
499 293 15 .0 0.1 4 2 .4 3 .5 — 3 .9 (4 .9 )500 293 15 .0 0.1 5 4 .2 4 .3 — 4 .7 5 .9
501 293 15 .0 0 .2 3 2 4 .0 4 .0 : 4 .4 5 .5502 293 15 .0 0 .2 3 3 6 .0 6 .0 — 6 .3 7 .6
503 293 15 .0 0 .23 4 8 .0 8 .0 — 8.1 9 .5
504 293 15 .0 0 .23 5 1 0 .0 9 .9 — 9 .9 11.4
505 293 15 .0 0 .23 6 11 .7 11 .9 — 11 .6 13.1
506 293 15 .0 0 .5 2 9.1 8 .6 8 .7 10.2
507 293 1 5 .0 0 .5 3 12 .7 13 .0 — 12.5 14.0
508 293 15 .0 0 .5 4 17 .2 17 .3 - 16.1 17 .7
509 293 15 .0 0 .5 5 21 .3 - 20 .2 19.6 21 .1
510 293 15 .0 0 .5 6 24.1 — .23.1 23.1 24 .4
511 293 15.0 0.6 2 10.6 10.4 10.2 11.8512 293 15 .0 0.6 3 15 .6 15.6 _ 14.7 16. a51 3 293 1 5 .0 0.6 4 2 0 .8 20 .7 — 18.9 20.4514 293 15 .0 0 .6 5 2 5 .2 - 23.1 23.1 24 .4515 293 15 .0 0 .6 5. 7 26 .4 2 5 .3 25 .8 26 .9
TABLE 8 .  ( c o n t in u e d )
RUN
NUMBER
T
(K)
L
(cm)
X PT 
( b a r) A
516 293 15 .0 1 .0 2 15.1
526 293 15.0 1 .0 2 17 .8
517 293 15.0 1 .0 3 21 .7
527 293 15 .0 1 .0 3 25.8
518 293 15.0 1 .0 4 27 .9
528 293 15 .0 1 .0 4 29 .0
519 293 15.0 1 .0 5 33 .8
529 293 15 .0 1 .0 5 34.6
520 293 15.0 1 .0 6 39 .3
530 293 15 .0 1 .0 6 39.4
261 500 9.32 0.19 5 3.1
263 500 9.32 0.1 9 6 4 .5
265 500 9.32 0.19 7 3 .2
267 500 9.32 0.19 8 6 .8
391 500 9'. 32 0 .25 2 3 .0
393 500 9.32 0.25 4 2 .6
269 500 9.32 0.61 5 1 1.2
271 500 9.32 0.61 6 12.4
273 500 9.32 0.61 7 14.3
275 500 9.32 0.61 8 21 .5
388 500 9.32 0 .62 2 4 .2
389 500 9.32 0 .62 3 6 .0
390 500 9.32 0 .62 4 10 .0
394 500 9.32 1 .0 2 8 .3
395 500 9.32 1 .0 3 8 .8
396 500 9.32 1 .0 4 14 .8
253 500 9.32 1 .00 5 14.9
255 500 9.32 1 .0 6 16.6
257 500 9.32 1 .0 7 19.3
259 500 9.32 1 .0 8 31 .0
293 700 9.32 0 .19 5 5 .5
295 700 9.32 0 .19 6 2 .5
297 700 9.32 0 .19 7 7 .4
299 700 9.32 0 .19 7 .2 5 .9
361 700 9 .32 0 .25 2 2 .0
362 700 9.32 0 .25 3 2 .5
363 700 9.32 0 .25 4 7 .0
364 700 9.32 0 .25 5 4 .4
285 700 9.32 0.61 5 11 .4
287 ; 700 9.32 0.61 ‘ 6 10.3
289 700 9.32 0.61 7 14.1
291 700 9.32 0.61 7 .3 8.1
357 700 9.32 0.62 2 5 .0
358 700 9.32 0 .62 3 5 .2
359 700 9.32 0 .62 4 6 .6
360 700 9 .32 0 .62 5 9 .4
i
CORRELATE! J Ap (mn)
I  (weak) I  (strop<?) I I III
17.3 16.1 17.7
17.3 * - 16.1 17.7
- 23.1 23.1 24 .4
- 23.1 23.1 24 .4
- 28.6 29.8 30.6
- 28.6 29 .8 30.6
- 33.7 36.4 36 .6
- 33 .7 36.4 36.6
- 38.5 42 .7 42 .5
— 38.5 42 .7 4 2 .5
3.5 4 .3
4 .2 5 .0
4 .8 5.6
5.5 6 .3
1 .8 2 .4
3 .4 4 .2
10.6 10 .9
12.6 12.6
14.6 14 .3
16.5 15 .9
4 .5 5-3
6.6 7 .4
8 .7 9 .3
7.1 7 .8
10.4 10 .8
13.7 13 .6
16.9 16 .2
20.1 18 .7
23.2 21 .2
26.3 23-5
3 .7 3 .3
4 .3 3 .8
4 .9 4 .3
5 .0 4 .4
2.1 1 .9
2 .9 2 .6
3.6 3 .2
4 .3 3 .8
9 .5 8 .4
11 .0 9 .7
12.4 10 .9
13.4 ,11 .8
4 .6 4.1
6 .4 5 .6
8 .0 7.1
9 .6 8 .5
1 7 2
TABLE 8 .  ( c o n t in u e d )
RUN
NUMBER
r— -
T
(K)
L
(cm)
X prp
(b a r )
Ar
(nm)
CORRELATED Ab (nm)
I I I
353 700 9 .32 1 .0 2 4 .9 6 .8 6 .0
354 700 9 .32 1 .0 3 10.1 9 .4 8 .3
355 700 9 .32 1 .0 4 1 0 .2 ' 11 .8 10 .4
356 700 9 .32 1 .0 5 14 .0 14.1 12.4
277 700 9 .32 1 .0 5 14 .0 14.1 12 .4
279 700 9-32 1 .0 6 13 .0 16.4 4 4 .3
281 700 9 .32 1 .0 7 19 .9 18.5 16.2
283 700 9 .32 1 .0 7 .7 25 .2 19.9 17.4
365 900 9 .32 0 .23 2 1 .4 1 .0 1 .5
367 900 0 .32 0 .2 3 2 1 .4 1 .0 1 .5
366 900 : 0 .3 2 0 .2 3 5 2 .9 2.1 2.1
368 900 0 .3 2 0 .2 3 3 2 .3 2.1 2.1
369 900 0 .32 0 .2 3 4 2 .2 2 .7 2 .6
370 900 0 .32 0 .2 3 5 3 .9 3 .3 5.2
371 900 0 .3 2 '0 .2 3 6 7 .0 3 .9 5 .6
372 900 0 .3 2 0 .2 3 7 6 .2 4 .5 4.1
373 900 0 .3 2 0 .2 3 8 1 2 .0 5 .0 4 .6
374 900 9 .32 0 .62 2 3 .8 3 .5 5 .5
375 900 9 .32 0 .6 2 5 3 .4 5.1 4 .6
376 900 9 .32 0 .62 4 4.1 6 .6 5 .8
377 900 9 .32 0 .6 2 5 7 .4 8.1 6 .9
378 900 9 .3 2 0 .62 6 13.6 9 .5 8 .0
379 900 9 .52 0 .6 2 7 7 .3 10 .9 9.1
380 900 9 .32 0 .6 2 8 18.3 12.3 10.1
381 900 9 .32 4 .0 2 3.1 5 .4 4 .9
382 . 900 9 .32 1 .0 3 6 .6 7 .8 6 .8
383 900 9 .5 2 1 .0 4 8.1 10.1 8 .5
384 900 9 .5 2 1 .0 5 10 i4 12 .4 10.2
385 900 9 .5 2 1 .0 6 13-5 14.6 11 .7
386 900 9 .52 1 .0 7 8 .8 16 .8 15.5
. 387 900 9 .5 2 1 .0 8 2 3 .9 18 .9 14 .8
t
TABLE 9
RMS DEVIATIONS OF EXPERIMENTAL DATA ( 2 . 0  yum BAND OF C02 )
NUMBER OF MEaN
CORRELATION TEMPERATURE DATA POINTS DEVIATION
(K) ($)
I  293 WEAK: 30 8 .5
STRONG: 18 4.1
I I  293 48 9 .4
500 20 16.6
700 24 2 0 .8
900 23 32 .9
I I I  293 to  900 115 1 9 .0
V
TABLE 10. COMPARISON BETWEEN CORRELATED AND MEASURED BAND 
ABSORPTANCES FOR 4 .3  /am BAND OF C0„.
RUN
NUMBER
T
(K)
L
(cm) X
pfp
(b a r )
u
(bar.cm )
ab
(nm)
CORRELATED
Ab
( nm)
332 293 9.32 0 .2 0 2 3.52 279 240
333 293 9.32 0 .2 0 3 5 .28 270 257
334 293 9 .32 0 .2 0 4 7 .04 280 269
335 293 9 .32 0 .2 0 5 8 .8 0 285 280
336 293 9 .32 0 .2 0 6 10.56 293 288
337 293 9 .32 0 .2 0 7 12.33 329 296
338 293 9 .32 0 .2 0 8 14.09 327 303
184 293 9 .32 0 .2 8 1 2 .4 3 237 226
186,246 293 9 .32 0 .2 8 2 4 .86 273,274 253
188,249 293 9 .32 0 .2 8 3 7 .29 282 ,289 271
190,252 293 9 .32 0 .2 8 4 9 .73 303 ,408 284
192 293 9 .32 0 .2 8 5 12.16 316 295
325 293 9 .32 0 .65 2 11 .45 295 292
326 293 9 .32 0 .65 3 17.17 297 312
327 293 9 .32 0 .65 4 22 .89 303 327
328 293 9 .32 0 .6 5 5 28.61 333 339
329 293 9 .32 0 .65 6 34.34 356 349
330 293 9 .32 0 .6 5 7 40.06 355 358
331 293 9 .32 0 .6 5 8 45 .78 362 366
174 293 9 .32 0 .6 8 1 5 .90 268 263
176 293 9 .32 0 .6 8 2 11.81 298 294
! 178 293 9 .32 0 .6 8 3 17.71 312 314
180 293 9 .32 0 .6 8 4 23.62 340 329182 293 9 .32 0 .6 8 5 29.52 345 341-
164 293 9 .32 1 .00 1 8 .6 8 257 282
166,225 ,318 293 9 .32 1 .0 0 2 17.45 305,305,334 314
168,228 ,319 293 9 .32 1 .0 0 3 26.20 314,367335 335
170 ,231 ,320 293 9 .32 1 ;oo 4 34 .94 352,35^338 351
172,234,321 293 9 .32 1 .00 5 43.67 343371,386 363
237,322 293 9 .32 1 .0 0 6 52.28 385 ,385 374
240,323 293 9 .32 1 .0 0 7 61 .31 388,424 384
243,324 293 9 .32 1 .00 8 70 .07 407 ,428 392
452 500 9 .3 2 0 .19 2 1.93 280 219
453 500 9 .32 0 .19 3 2 .9 0 290 234
454 500 ‘ 9 .32 0 .19 4 3 .8 7 301 245
455 500 9 .32 0 .19 5 4 .8 3 335 255
456 500 9 .32 0 .19 6 5 .80 314 263
346 500 9 .32 0.65 2 6 .6 2 359 269
347 500 9 .32 0.65 3 9 .92 337 287
348 500 9 .32 0 .6 5 4 13.23 375 300
349 500 9 .32 0 .6 5 5 16.54 390 311
350 500 9 .32 0 .65 6 19.8.5 372 321
351 500 9 .32 0 .6 5 7 23.15 413 329
352 500 9 .3 2 0 .65 8 26.46 366 336
339 500 9 .32 1 .0 0 2 10.18 410 289
340 500 9 .3 2 1 .0 0 3 15.27 337 308
341 500 9 .3 2 1 .0 0 4 20 .35 367 323
342 500 9 .32 1 .0 0 5 25 .44 396 334
. 343 500 9 .32 1 .0 0 6 30 .53 362 344
344 500 9 .32 1 .0 0 7 35.62 417 353
345 500 9 .32 1 .0 0 8 40.71 404 361
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TABLE 11. COM:'A HI SON BETWEEN CORNEL \TED aND ED') A ON RED BAND 
ABSORPTANCES FOR 2 .3 5  p ^  00 BAND.
RUN
NUMBER
T
(K)
L
(cm) X PT • (b a r )
! u 
( b a r . cm.)
Ar
(nm)
CORRELATED
•ab(nm)
407 290 9 .32 1 .0 1 .5 13.21 15 .0 10.6
316,408 290 9 .32 1 .0 2 17.61 1 6 .4 ,1 5 .3 14.2
317,409 290 9.32 1 .0 3 26.41 2 2 .9 ,2 0 .9 21 .3
410 290 9.32 1 .0 4 I 35 .22 25.0 28 .4
411 290 9.32 1 .0 4 .3 : 37.86 28 .4 30.5
531 290 15 .0 1 .0 2 28 .34 26 .4 22 .8
532 290 15 .0 1 .0 3 42.51 31 .4 34 .3
533 ! 290 15 .0 1 .0 4 56 .68 41 .6 45 .7
534 290 15 .0 1 .0 4 .5 63 .76 4 3 .8 51 .4
412 500 9.32 1 .0 1 .5 7 .6 3 4 .3 6.1
413 500 9.32 1 .0 2 10 .18 7 .7 8 .2
414 500 9.32 1 .0 3 15 .27 8 .5 12.3
415 500 9*32 1 .0 4 20 .35 12 .0 16.4
416 500 9.32 1 .0 4 .5 2 2 .9 16.1 . 18.5
417 700 9.32 1 .0 , 1 .5 5 .45 3 .4 4 .4
418 700 9.32 1 .0 2 7 .2 7 6 .8 5 .9
419 700 9 .32 1 .0 3 10 .90 8 .8 8 .8
420 700 9.32 1 .0 4 14 .54 21 .0 11 .7
421 700 9.32 1 .0 4 .5 16.36 15.1 13.2
422 900 9 .32 1 .0 1 .5 4 .2 4 4 .0 3 .4
I 423 900 9 .32 1 .0 2 5.65 6*0 ■ 4 . 6
424 900 9 .32 1 .0 3 8 .4 8 9 .0 6 .8
425 900 9 .32 1 .0 4 11 .31 16.5 9.1
426 900 9.32 1 .0 4 .5 12 .72 8 .6 10.3
1 7 6
CORRELATION EQUATIONS FOR 2 .7  pm BAND OF WATER VAPOUR
TABLE 12
T = 500K, x = 1.00 
7 .6  < u <  33 .6  bar.cm .
T = 700K, x =-1 .00 
6 .9  < u <  22 .2  bar.cm .
T = 900K, x = 1 .00 
5 .0  < u < 20 .7  b a r . cm.
( I I )  Ab = 6 . 9 7  u0 - 1 PB 0,31 T0 - 47 T = 500 to  900K i n c l u s i v e
AB = Band a b so rp ta n c e  (nm) 
u = A bsorber c o n c e n t r a t i o n  (b a r .c m .)  
PE = E q u iv a le n t  p r e s s u r e  (b a r )
T = A bso lu te  te m p e ra tu re  (K)
/ t \ A 1 ,,0.06 -n 0 .3 3( I )  Ab = 1-56 u PEE
Ab = 1 3 6  u ° - ° 5  Pe ° - 38
Ab = 127 u0 ,03  PB 0 ,4 2
TABLE 13
COM] ARISON BETWEEN CORRELATED AND MEASURED BAND ABSORRT/-MCES 
FOR 2 .7  yum BAND OF WATER VAPOuR .
RUN
NUMBER
X T
0 0
L
(cm)
J?T
(b a r )
u
( b a r .c m .)
!
ab
CORRELATED 
Ab (nm)
(nm) I I I
193 
1 94
1 .00  
1 .00
500
500
9.32
9 .32
1.5
2
7.63
10.18
343
382
343
383
296
333
196
198
200
202
204
1 .00  
1 .00  
1 .00  
1 .00  
1 .00
500
500
500
500
500
9.32
9.32
9 .32
9 .32
9 .32
1 .5
2
3
4
5
7.63
10.18
15.27
20.36
25.44
327
372
415
447
480
343 
383 
449 
502 . 
548
296
333
393
443
485
535
536
1 .00 
1 .00
500
500
9 .32
9.32
2 . 1
6
10.69
30.53
391
635
391
588
340
523
537
538
539
540
541
1 .00  
1 .00  
1 .00  
1 .00  
1 .00
500
500
500
500
500
9 .32
9 .32
9 .32
9 .32
9 .32
2 .2
3.1
4 .2
5.6
6 .6
11 .20 
15.78 
21.37 
28.50 
33.59
367
420
481
542
562
398 
455 
512 
573 
611
346
399
452
508
543
554
555
556
0 .56
0 .48
0.37
500
500
500
9 .32
9 .32
9.32
4.1
4 .8
6 .2
11 .70 
11.70 
11 .70
472
414
465
(425)
(432)
(446;
368
375
386
559 •
560 
561 
562
0 .48  
0 .3 4  
0 .24  
1 .00
500
500
500
500
9.32
9.32
9.32
9 .32
3.1- 
4 .4  
6 .2  
3 .3
7 .63
7.63
7 .63  
16.79
307
401
458
427
(365) 
(381) 
(402) 
466
314
327
409
600
604
607
608 
609
1 .00  
1 .00  
1 .00  
0 .72  
0 .47
500
500
500
500
500
9.32
9 .32
9 .32
9 .32
9 .32
1 .9
3 .2
3
4.1
7
9.67
16.28
15.27
15.27
15.27
295 
412 
388 
433 
511
376
460
449
(458)
(495)
326
404
391
401
431
208
210
212
214
1 .00 
1 .00 
1 .00  
1 .00
700
700
700
700
9 .32
9 .32
9 .32  
9-32
2
3
4
5
7.27
10.90
14.54
18.17
282
379
436
474
360
429
485
534
377
445
501
549
542
543
544
545
546
1 .00  
1 .00  
1 .00  
1 .00  
1 .00
700
700
700
700
700
9 .32
9 .32
9 .32
9 .32
9 .32
1*. 9< 
3 .7  
4 .6  
5 .4  
6.1
6.91
13.45
16.72
19.63
22.17
355
528
517
540
624
352
469
515
552
582
369
485
530
567
596
565 0 .49 700 9 .32 3 .5 6 .18 392 (362) 375
568
569
570
1 .00
0 .60
0 .45
700
700
700
9*32
9.32
9 .32
3 
5 
6 .6
10.90
10.90
10.90
485
493
592
.429
(450)
445
462
476
t
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HUN
NUMBER
X T
(K)
L 
( cm)
Pm
(b a r )
u
( b a r . c m . )
ab
(nm)
CORRELATED 
. AB ( nm)
I 1 1
587 1 .00 700 9 .32 2 .1 7 .63 361 368 385
614 1 .00 700 9 .32 3 .4 12.36 503 453 469618 1 . 0 0 . 700 9 .32 2 .9 10.54 421 423 439
612 0 .4 7 700 9 .32 4 .9 8.36 522 426
613 0 .35 700 9 .32 6 .7 8 .36 546 443
222 1 .00 900 9 .32 4 11 .31 442 481 550
547 1.0 0 900 9.32 2 .4 6.78 389 382 446
548 1 .00 900 9 .32 3 8 .48 441 422 489549 1.0 0 900 9 .32 4 .2 11 .87 497 491 561550 1 .00 900 9 .32 5 14.14 525 531 602551 1 .00 900 9 .32 6.5 18.38 579 598 671
571 1 .00 900 9 .32 1 .8 5 .09 358 336 396
572 0 .76 900 9 .32 2 .4 5 .09 400 (346) 406
573 0.51 900 9 .32 3 .6 5 .09 480 421
574 0 .3 7 900 9 .32 4 .9 5 .09 533 435
576 1 .00 900 9 .32 2 .7 7 .63 409 403 468
577 0.71 900 9 .32 3 .8 7 .63 494 (416) 479578 0 .4 9 900 9 .32 5 .5 7 .63 551 496
591 1 .00 900 9 .32 2 5.65 335 352 413592 1.0 0 900 9 .32 1 .8 5.09 359 336 39 6596 1 .00 900 9 .32 1 .8 5 .09 282 336622 1 .0 900 9 .32 3 8.48 400 422 489626 1 .0 900 9 .32 3 .5 9 .9 0 488 453 521
629 1 .00 900 9 .32 3 .4 9.61 505 447 515630 0 .6 9 900 9 .32 4 .9 9.61 574 528
631 0.42 900 9 .32 8.1 9.61 616 556652 1 .00 900 9-32 4 .7 13.29 549 517 588
633 1.0 0 900 9 .32 7 .3 20.64 613 650 704
TABLE 14 .
RMS DEVIATIONS OF EXPERIMENTAL DATA ( 2 . 7  pm BAND OF H2 0 VAPOUR)
NUMBER OF MEAN
CORRELATION TEMPERATURE DATA POINTS DEVIATION
(K) ( / )
I  500 18 8 .4
700 13 8 .5
900 16 5 .7
I I 500 to  900 65 10.6
TABLE 1
CORRELATION EQUATIONS FOR 2 . 0  yam BAND OF WATER VAPOUR
( I )  ’ Ab = 6 .73  u0 *878 T = 500K, x = 1 .0 0  7 .6  < u  < 3 3 .6LB
LB
LB
b a r . cm.
At, = 1.21 u 1 "549 T = 700K, x = 1 .00  5 . 4 < u < 2 2 . 2
b a r . cm.
Ab = 4 .0 2  u 1 ' 143 T = 900K, x = 1 .00  4 . 2 < u < 2 0 . 7
b a r . cm.
( I I )  Ab = 3.911 u 1*097 T = 500 to  900K, x = 1 .0 0
5 .0  < u <  33-6 b a r .cm .
Ab = Band A bsorp tance  (nm)
u = A bso rber c o n c e n t r a t i o n  (b a r .c m .)
PB = E q u iv a le n t  p r e s s u r e  (b a r )
T = A b so lu te  te m p e ra tu re  (K)
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COMPARISON BETWEEN CORRELATED AND MEASURED BAND ABSORPTANCES FOR
2 . 0  jam BAND OF WATER VAPOUR
TABLE 16
RUN
NUMBER
X T
(K)
L
(cm)
PT
( b a r )
u
( b a r . cm. P
a B
CORRELATED 
A-n (nm)
(nm) I H
193 1 . 0 0 500 9 .3 2 1 .5 7 .6 3 5 5 .8 40.1 3 6 .3
194 1 .0 0 500 9 .3 2 2 10.18 6 9 .8 51 .6 4 9 .9
195 1 .00 500 9 .3 2 1 .5 7 .6 3 5 3 .6 40.1 3 6 .3
197 1 .0 0 500 9 .3 2 2 10.18 61 .4 51 .6 4 9 .9
199 1 .0 0 500 9 .3 2 3 15.27 8 3 . 8 7 3 .7 7 7 . 8
201 1 .0 0 5 0 0 9 .3 2 4 I 20 .55 98.1 9 4 .8 106.6
203 1 .00 500 9 .3 2 5 25V43 11 3 .3 11 5 .3 136.1
535 1 .0 0 500 9 .3 2 2.1 10.69 5 4 .3 5 3 .9 5 2 .6
537 1 .00 500 9 .3 2 2 .2 11 .20 5 4 .2 56.1 55 .4
538 1 .00 500 9 .3 2 15.78 7 6 .2 7 5 . 8 8 0 . 7
539 - 1 .0 0 500 9 .3 2 4 . 2 21 .37 102 .6 9 9 . 0 112.5
540 1 .00 500 9 .3 2 5 .6 2 8 .5 0 1 3 5 .8 12 7 .5 154.3
541 1 .0 0 500 9 .3 2 6 . 6 33.59 1 6 2 .4 1 47 .2 18 4.7
562 1 .00 500 9 .3 2 3 .3  j 1 6 .79  j 7 5 . 0 80.1 8 6 . 3
600 1 .0 0 500 9 .3 2 1 . 9 9 .6 7 3 7 .6 49*3 47.1  '
604 1 .0 0 500 9 .3 2 3 .2 16.28 7 6 . 2 7 8 . 0 8 3 . 5
607 1 .0 0 500 9 .3 2 2 .9 5 15 .27 71 .3 7 3 .7 7 7 .8
205 1 . 0 0 700 9 .3 2 1 .5 5 .45 27.1 1 6 .7 25.1
207 1 .0 0 700 9 .3 2 2 7 .2 7 2 9 . 2 26.1 3 4 .5
209 1 .0 0 700 9 .3 2 3 1 0 .9 0 4 2 . 4 4 9 . 0 5 3 .7  .
211 1 .00 700 9 .3 2 4 14 .54 6 4 . 4 7 6 .5 73-7
213 1 .0 0 700 9 .3 2 5 18.17 7 9 . 4 1 0 8 .0 94.1
542 1 .0 0 700 9 .3 2 1 -9 6.91 4 2 . 4 2 4 .2 3 2 .6
543 1 . 0 0 700 9 .3 2 3 . 7 13.45 9 0 .6  . 6 7 .8 6 7 . 7
544 1 .0 0 700 9 .3 2 4 . 6 16.72 102 .2 9 5 . 0 8 5 . 9
545 1 . 0 0 700 9 .3 2 5 .4 19.63 1 3 5 .8 121 .8 102.5
546 1 .00 700 9 .3 2 6.1 2 2 .1 7 1 6 2 .4 1 4 7 .0 117.1
! 568 1 .0 0 700 9 .3 2 3 1 0 .90 7 7 .9 4 9 . 0 5 3 .7
614 ' 1 . 0 0 700 9 .3 2 3 .4 12.36 58 .9 5 9 .5 6 1 . 7
618 1 . 0 0 700 9 .3 2 2 . 9 V10.54 4 6 . 0 4 6 . 5 5 1 . 8
221 1 .0 0 900 : 9 .3 2 4 11 .31 3 9 .6 6 4 . 3 5 6 . 0
547 1 .0 0 900 9 .3 2 2 . 4 6 .7 8 3 5 .6 3 5 . 8 3 1 .9
548 1 . 0 0 900 9 .3 2 3 8 .4 8 5 9 .9 4 6 . 3 4 0 . 8
549 1 .0 0 900 9 .3 2 4 . 2 11 .87 7 6 .5 6 8 . 0 5 9 . 0
550 1 . 0 0 900 9 .3 2 5 14 .14 7 9 . 7 8 3 . 0 7 1 .5
551 1 .00 900 9 . 3 2 6 . 2 18 .38 110.1 11 2 . 0 9 5 . 3
1 8 2
TABLE 16.  ( c o n t i n u e d )
RUN
NUMBER
X T
(K)
L
(cm)
P t
( b a r )
■ U 
( b a r . cm . )
a B
(nm)
...OORK'ELaTEI) "
Ab (nm)
l l l
571 1 . 0 0 900 9*32 1 . 8 5 .09 4 9 . 3 2 5 . 8 2 3 .3
576 1 .0 0 900 9 .3 2 2 . 7 7 .6 3 5 0 . 5 4 1 . 0 3 6 .3
591 1 .0 0 900 9 .3 2 2 5 .65 3 0 .6 29.1 26.1
592 1 . 0 0 900 9 .3 2 1 . 8 5 .09 2 9 . 8 2 5 .8 23 .3
596 1 . 0 0 900 9 .3 2 1 . 8 5 .0 9 3 2 . 4 2 5 . 8 2 3 .3
622 1 .0 0 900 9 .3 2 3 8 .4 8 5 2 . 3 4 6 .3 4 0 . 8
626 1 . 0 0 900 9 .3 2 3 . 5 9 .9 0 73.1 5 5 .2 4 8 . 4
629 1 .0 0 900 9 .3 2 3 .4 9.61 69.1 5 3 .4 4 6 . 8
632 1 .0 0 900 9 .3 2 4 . 7 13 .29 8 8 . 6 7 7 .3 6 6 . 8
633 1 .0 0 900 9 .3 2 7 . 3 20 .64 1 2 0 .4 1 2 7 .9 108.3
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TABLE 17
R.M.S. DEVIATIONS OP EXPERIMENTAL DATA ( 2 . 0  urn BAND OP WATER 
VAPOUR '
NUMBER OP MEAN
CORRELATION TEMPERATURE DATA POINTS DEVIATION
_  _  _ _
500
700
900
17
13
16
10.5  
19 .4  
21 .4
I I 500 to  900 46 21 .7
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BAND MODELS
In  a  CO-2. a b s o r p t io n  band, th e  s p e c t r a l  l i n e s  a r e  f a i r l y  e q u a l ly  
sp aced . Those f o r  a  w a te r  a b s o r p t io n  band have random s p a c in g .
The i n t e n s i t i e s  o f  i n d i v i d u a l  l i n e s  v a ry  w i th in  wide l i m i t s .  
C o n s id e r a t io n  of t h i s ,  t o g e t h e r  w i th  th e  p r e s s u r e -  and te m p e ra tu re  
b ro ad en in g  e f f e c t s  on s p e c t r a l  l i n e s ,  makes th e  c o n s t r u c t i o n  o f  
a  m a th e m a tic a l  model d e s c r i b i n g  th e  v a r i a t i o n  o f  a b s o r p t io n  
c o e f f i c i e n t ,  k ( v ) ,  w i th  f r e q u e n c y ,V  , an  e x tre m e ly  c o m p lica te d  
p r o c e s s .  A ssum ptions must be made r e g a r d in g  th e  i n t e n s i t i e s  and 
d i s t r i b u t i o n  o f  th e  s p e c t r a l  l i n e s .  D e sp i te  th e  d i f f i c u l t i e s ,  a 
number o f  models have been d e v is e d  which g iv e  good a p p ro x im a t io n s  
to  th e  a c t u a l  c o n d i t i o n s .  Two w id e ly -u s e d  models r e p r e s e n t  th e  
ex trem es i n  s p e c i f y in g  th e  i n d i v i d u a l  l i n e  sp a c in g s  and i n t e n s i ­
t i e s .  A t h i r d  model i s  a  c o m b in a t io n  o f  t h e s e  two.
E l s a s s e r  Model
In  c e r t a i n  v i b r a t i o n - r o t a t i o n  ban ds , th e  l i n e s  a r e  spaced  a t  
a p p ro x im a te ly  e q u a l  f re q u e n c y  i n t e r v a l s  and th e  l i n e  i n t e n s i t y  
v a r i e s  s lo w ly  from one l i n e  t o  a n o th e r .  The a b s o rp ta n c e  o f  such 
bands may be c a l c u l a t e d  by th e  E l s a s s e r  model which p o s t u l a t e s  an  
i n f i n i t e  number os s p e c t r a l  l i n e s  o f  c o n s t a n t  i n t e n s i t y ,  S^, and 
h a l f - w i d t h ,  X » ar*d of e q u a l  f r e q u e n c y  s p a c in g ,  d .  A l l  th e  l i n e s  
c o n t r i b u t e  to  th e  a b s o r p t io n  c o e f f i c i e n t  a t  a  p a r t i c u l a r  f re q u e n c y .  
Thus f o r  a  s e r i e s  o f  l i n e s  o f  l o r e n t z  s h a p e : -
k „  = 51 S i _  y  = S i  y -  ^
n = -»  IT ( t f -n d )2- + * *  IT  iufc-oo (v -n d )2 + K 2  . . ( 1 . 1 )
where nd = th e  f re q u e n c y  o f  th e  d i f f e r e n t  l i n e  c e n t r e s .
This r e l a t i o n  can  be e x p re s s e d  more c o n v e n ie n t ly  i n  th e  form:
kv =h,  BinhjS . . . . ( 1 . 2 )
d nc o s h y j -  cos z
where /3  = 2 tt X / d  and z = 27T s? / d .
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In  a f re q u e n c y  r e g io n ,  AV , sm a ll  enough to  t r e a t  a s  c o n s t a n t ,  
th e  band a b s o rp ta n c e  i s  g iv e n  ( 37 ,108 ) by th e  s u b s t i t u t i o n  o f  
e q u a t io n  ( 1 . 1 ) i n t o  e q u a t io n  ( 64) : -
AB = 1 -  1  f  exp j - f t x . s i n h / 3  j dz . . . . ( 1 . 3 )
2 tt J (bo sh  [5 -  cos z )
where x = S^pL/27T)f
This e q u a t io n  can  be e v a lu a te d  n u m e r ic a l ly :  some o f  th e  r e s u l t s  
a re  g iv e n  by Goody ( 5 2 ) .  S e i t z  (113) has o u t l i n e d  a  s e r i e s  
r e p r e s e n t a t i o n  o f  th e  i n t e g r a l  i n  e q u a t io n  ( 1 . 5 ) .  A n a l y t i c a l  
r e l a t i o n s  can  be o b ta in e d  a t  th e  weak and s t r o n g  a b s o r p t io n  l i m i t s .  
These r e s u l t s  have been used  a s  a  g u ide  f o r  e x p e r im e n ta l  c o r r e l a ­
t i o n s  and a r e  d i s c u s s e d  by P l a s s  (106).
E q ua tion  ( 1 .3 )  can be a p p ro x im a te d ,  t o  w i th in  10$, by :~
Ab = e r f  ( i /3 2 x )*  . . . . ( 1 . 4 )
when x > 1 . 2 5  and /3 < 0 .3 »  and b y : -  
AB = 1 -  exp ( -  /3 x ) . . . . ( 1 . 5 )
f o r  jb > 3 .
S t a t i s t i c a l  Model
Another band model i s  a  s t a t i s t i c a l  a r r a y  o f  l i n e s  a s  p r e s e n te d  
by Goody ( 5 2 ) .  T h is  model r e p r e s e n t s  a  random sp a c in g  o f  e i t h e r
i d e n t i c a l  l i n e s  o r ,  more g e n e r a l l y ,  l i n e s  o f  d i f f e r i n g  i n t e n s i t i e s .
A sp a c in g  t h a t  i s  e s s e n t i a l l y  random i s  t y p i c a l  o f  bands o f  p o ly ­
a tom ic  m o le cu le s  su c h  a s  H20 v a p o u r .  To a p p ly  th e  m odel, p r o b a b i ­
l i t y  d i s t r i b u t i o n s  o f  l i n e  i n t e n s i t i e s  and p o s i t i o n s  must be 
assumed. These s t a t i s t i c a l  a ssu m p tio n s  remove th e  n e c e s s i t y  o f  
c a l c u l a t i n g  th e  e x a c t  p r o p e r t i e s  o f  th e  i n d i v i d u a l  l i n e s  i n  t h e  
band.
J/
A v e ry  s im p le  e x p r e s s io n  f o r  th e  av e rag e  t r a n s m i s s i v i t y  o f  such  a 
band model may be d e r iv e d  (62)  i n  te rm s o f  th e  e q u iv a l e n t  l i n e  
w id th , Wi. o f  a  s i n g l e  l i n e ,  e v a lu a te d  a t  a mean l i n e  i n t e n s i t y ,
S, and mean l i n e  s p a c in g ,  d : -
n rco
ZaV = H  P ( S i )
i = l
M  -  ( n d ) -1 .Wl. (S ip li, i ) H  . d S i  -------(1 .6 )
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where t h e  summation d e n o te s  th e  p ro d u c t  o f th e  n v a lu e s  which th e  
f u n c t io n  t a k e s  a s  i  i s  changed, and P(S j_).dS i *-B th e  p r o b a b i l i t y  
t h a t  th e  l i n e  a t  V i has an i n t e n s i t y  l y in g  between S i  and Si + d S i ,
so n o rm a lis e d  t h a t  P (S ) .d S  = 1.
f°° -
P ( 3 i ) . W i ( S i p M i ) . d S i  = Wi(SpL,tf) . . . . ( 1 . 7 )
0
where Wi i s  th e  a v e ra g e  e q u iv a le n t  l i n e  w id th  f o r  an  i n t e n s i t y  
d i s t r i b u t i o n  w i th  some mean v a lu e ,  S. I t  has  been found (51 ,104) 
t h a t  th e  use o f  c o n s ta n t  i n t e n s i t y ,  S, f o r  a l l  l i n e s  g iv e s  r e s u l t s
v e ry  c lo s e  to  th o se  o b ta in e d  by th e  use of more complex d i s t r i b u t i o n
f u n c t io n s  f o r  P ( S ) .  T h e re fo re  e q u a t io n  ( 1 .6 )  may be r e - w r i t t e n  a s : -
fcov = | j  -  (nd.)-1 Wi(SpL, #)] n = 1 -  (Afl/AV) ,
= exiT-W l(Spl, '!()/d"1 i f  n > 1 0  • . . . . ( 1 . 8 )
This e x p re s s io n  a p p l i e s  to  l i n e s  o f  any sh a p e .
Random E l s a s s e r  Model i
T his  model (104) i s  p a r t i c u l a r l y  s u i t e d  to  th e  c a l c u l a t i o n  of Ab f o r  
g a se s  whose v i b r a t i o n - r o t a t i o n  -bands show a r e g u l a r  l i n e  sp a c in g  
and w hich , a s  a r e s u l t  o f  th e  e x c i t a t i o n  o f  h ig h e r  v i b r a t i o n a l  
energy  l e v e l s ,  have s e v e r a l  su ch  bands superim posed  w ith  t h e i r  
band c e n t r e s  a r b i t r a r i l y  d i s p l a c e d .
By argum ents s i m i l a r  t o  t h o s e  used  i n  th e  p re v io u s  s e c t i o n : -
A b / a v > = 1 -  (1 -  l i / N d ) w . . . . ( 1 . 9 )
where N = number o f  su p e r- im p o sed  bands,
d = mean l i n e  sp a c in g  a f t e r  su p e r im p o s in g ,  and 
Wi =s e q u iv a le n t  l i n e  w id th  p e r  l i n e  w i t h i n  an  E l s a s s e r  
band, a v e rag ed  o v e r  th e  N band s .
F o r  a band o f  weak l i n e s ,  a  l i n e a r  a p p ro x im a t io n  s i m i l a r  to  
e q u a t io n  (60) may be u s e d : -
A b / A s? = SpL/d . . . . ( 1 . 1 0 )  •
F o r  a l l  t h r e e  m odels, th e  a b s o r p t io n  i s  th e  same, s in c e  t h e r e  i s  
no a p p r e c i a b le  o v e r la p  o f  th e  s p e c t r a l  l i n e s  and th e  p a r t i c u l a r
1 9 6
arrangem en t o f l i n e s  i s  u n im p o r ta n t .
When th e  a b s o r b e r  c o n c e n t r a t i o n  i s  s u f f i c i e n t  to  p roduce  s p e c t r a l  
l i n e  o v e r la p ,  th e  a b s o r p t io n  i s  dependen t on th e  p a r t i c u l a r  a r r a n g e ­
ment o f  th e  l i n e s  (105).
When th e  a p p r o p r i a t e  model i s  ch o sen , th e  a b s o r p t io n  o f  a  g iv e n  
band can be r e p r e s e n te d  v e ry  a c c u r a t e l y  (105). The e x a c t  r e g io n s  
o f  v a l i d i t y  o f  t h e s e  m odels and o f  v a r io u s  u s e f u l  a p p ro x im a tio n s  
t o  them have been g iv e n  by P l a s s  (104).
Q u a d ra t ic  Form f o r  Random Model
A s t r o n g - l i n e  t r a n s m i t t a n c e  f u n c t i o n  t h a t  in c lu d e s  t h e  s t r o n g - l i n e  
ap p ro x im a tio n s  t o  r e g u l a r  and random models a s  a sy m p to t ic  c a s e s  has 
been in t ro d u c e d  by P i e r l u i s s i  (102) i n  a  q u a d r a t ic  g e n e r a l i s a t i o n  t o  
th e  com plete  randommodel. I n  t h i s  p a p e r ,  th e  q u a d r a t i c  form i s  
rev iew ed and i t s  p a ra m e te r s  d e v e lo p ed . A new p o lyn om ia l  r e p r e s e n ­
t a t i o n  i s  a l s o  p ro p o sed  i n  which t h e  weak- and s t r o n g - l i n e  forms 
f o r  any model a r e  a l lo w e d  to  p a r t i c i p a t e  i n  v a r io u s  te rm s .
APPLICATION OF BAND MODELS
In  a tm o sp h e r ic  s t u d i e s  a t  norm al te m p e ra tu re ,  th e  E l s a s s e r  band 
model has  been a p p l i e d  s u c c e s s f u l l y  t o  th e  i n f r a - r e d  a b s o r p t io n  
bands o f  C02 , w h ile  t h e  s t a t i s t i c a l  (Goody) band model h a s  been 
a p p l i e d  to  t h e  n e a r  i n f r a - r e d  a b s o r p t io n  bands o f  H20. Burch (14)  
has found t h a t  th e  2 .3 5  and  4 .7  pm CO bands c o n s i s t  o f  r e g u l a r l y  
spaced  l i n e s  whose s t r e n g t h s  and w id th s  v a ry  s lo w ly  from  l i n e  to  
l i n e .
I t  i s  t o  be ex p ec te d  t h a t  a t  h i g h e r  te m p e ra tu re s  an  i n c r e a s e  i n  t h e  
number o f  s p e c t r a l  l i n e s  c a u se s  an  even b e t t e r  f i t  t o  t h e  s t a t i s t i ­
c a l  model. I t  i s  i n t e r e s t i n g  t o  n o te  (48)  t h a t  f o r  H20 m o le cu le s  
on ly  a r e l a t i v e l y  sm a l l  number o f  v i b r a t i o n  bands a r e  e x c i t e d  a t  
e le v a te d  te m p e ra tu re s  w hereas  f o r  a  l i n e a r  m o le cu le ,  l i k e  C02 , many 
new bands become a c t i v e  and c a u se  a  t r a n s i t i o n  from th e  E l s a s s e r  
model a t  room te m p e ra tu re  t o  th e  s t a t i s t i c a l  model a t  t e m p e r a tu re s  
g r e a t e r  t h a n  1000K.
CONTINUOUS BAND MODEL
E x p er im e n ta l  d a ta  has  been  c o r r e l a t e d  u s in g  a  l i n e a r ,  s q u a re  r o o t
and weak power f u n c t io n  between band a b s o r p t io n  and c o n c e n t r a t io n ,  
o r  a lo g  f u n c t i o n  f o r  l a r g e r  v a lu e s  o f  a b s o r b e r  c o n c e n t r a t i o n  (se e  
s e c t i o n s  3*30 and 3*31 )• The range  o f  a p p l i c a t i o n  o f  each type  o f  
c o r r e l a t i o n  i s  u n c e r t a i n ,  and t r a n s i t i o n s  from one to  a n o th e r  a r e  
a b ru p t  and t h e r e f o r e  no t p h y s i c a l l y  m e a n in g fu l .  The c o r r e l a t i o n s  
a r e  i n a c c u r a te  i n  th e  t r a n s i t i o n  r e g i o n s ,  s in c e  m easured a b s o rp t io n s  
i n c r e a s e  sm ooth ly  w ith  a b s o r b e r  c o n c e n t r a t i o n .
To overcome t h i s  problem , Edwards and Menard (33)  in t ro d u c e d  a 
s i m p l i f i e d  c o r r e l a t i o n  w ith  smooth t r a n s i t i o n s  between th e  re g io n s  
o f  d i f f e r i n g  a b s o r b e r  c o n c e n t r a t i o n  dependency . E x p erim en ta l  d a ta  
has been s u c c e s s f u l l y  c o r r e l a t e d  u s in g  th e  method (31 , 32,34,36) .
The c o r r e l a t i o n  i s  based  on th e  a ssu m p tio n s  t h a t  th e  r o t a t i o n a l  
l i n e s  o f  a  band a t  c o n s ta n t  te m p e ra tu re  a r e  e q u a l ly  spaced , and 
t h e i r  f r e q u e n c ie s  can be r e - d i s t r i b u t e d  so a s  to  form an a r r a y  
w ith  l i n e  i n t e n s i t i e s  d e c r e a s in g  e x p o n e n t i a l ly  from th e  c e n t r e  o f 
th e  band. As su ch , t h i s  method has been c a l l e d  th e  e x p o n e n t ia l  
w ide-band m odel. Smooth c o r r e l a t i o n s  have been o b ta in e d  from th e  
m easurements o f th e  band a b s o r p t io n  o f  methane and carb on  monoxide. 
Where band heads  a r e  p r e s e n t  i n  an  a b s o r p t io n  band, however, a s  i n  
th e  c ase  o f  th e  4-3  jam band o f  CO^  th e  model i s  d i f f i c u l t  to  a p p ly .  
T his i s  due t o  t h e  f a c t  t h a t  a t  lo w er  a b s o r b e r  c o n c e n t r a t i o n s ,  th e  
h ig h  a v e ra g e  i n t e n s i t y  o f th e  c lo s e ly - s p a c e d  l i n e s  i n  th e  band head 
c o n t r i b u t e s  more s u b s t a n t i a l l y  to  t h e  t o t a l  band a b s o r p t io n .
A lthough  th e  c o r r e l a t i o n  o f  Edwards and Menard r e p r e s e n t s  a 
c o n tin u o u s  smooth f u n c t io n  th ro u g h  th e  l i n e a r ,  sq u a re  r o o t  and 
lo g a r i th m ic  r e g io n s ,  i t  does n o t  have a  s i n g l e  e x p l i c i t  e x p re s s io n  
f o r  th e  whole r e g io n .  T ien  and lo w der  (125) have developed  a band 
c o r r e l a t i o n  in v o lv in g  a  s i n g l e  c o n tin u o u s  c o r r e l a t i o n  e q u a t io n  f o r  
a l l  a b s o r b e r  c o n c e n t r a t i o n s .  The c o r r e l a t i o n  f u n c t i o n  has been 
c o n s t r u c t e d  to  meet a l l  t h e  m a th e m a tic a l  r e q u i re m e n ts  o f  band 
a b s o rp ta n c e  a s  a  f u n c t io n  o f  c o n c e n t r a t i o n .
1 9 7
The e x p r e s s io n  i s  o f th e  f o r m :-
__ 6 _  ( )
AB(W,PE ) = l o g e (w .f(P E ) w + a , + 1) . . . . ( 1 . 1 1 )
( w + a . f  (Pg) )
where A-g = d im e n s io n le s s  t o t a l  band a b s o rp ta n c e  = Ag(A0 )
Ab = t o t a l  band a b s o rp ta n c e  (cm” 1 )
A0 = s p e c t r o s c o p ic  c o n s ta n t  (cm” 1)
w = d im e n s io n le s s  mass p a th l e n g t h  = Co2 w
w = mass p a th l e n g th  ( g/cm2 )
C02 = s p e c t r o s c o p ic  c o n s ta n t  (cm2/ g )
—  2J?E = d im e n s io n le s s  e q u iv a le n t  b ro ad en in g  p r e s s u r e  = B
PB = e q u iv a le n t  b ro a d e n in g  p r e s s u r e  (atm )
r\ *1
B = s p e c t r o s c o p ic  c o n s t a n t  (atm" )
a = d im e n s io n le s s  c o n s t a n t  ( >  2)
Comparing w i th  Edw ards ' c o r r e l a t i o n : -
f  (PB) = PB.e x p (2 -P g )  where t ^  1 . . . . ( 1 . 1 2 )
£ (Pe ) = exP ( O  where t  ^  1 . . . . ( I . 13)
f o r  th e  lo g a r i th m ic  r e l a t i o n .  T ie n  and Lowder found  t h a t  th e  
s in g l e  co n tin u o u s  f u n c t i o n : -
f  (PB) = 2 .94  Ql -  e x p ( -  2 .6 0  Pe )^J . . . . ( 1 . 1 4 )
g iv e s  e x c e l l e n t  n u m e r ic a l  ag reem en t w ith  e q u a t io n s  1 . 12  and 1 .13  
f o r  th e  whole ran ge  o f  Pg.
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INFRA-RED SOURCES
S e v e ra l  so u rc e s  o f  i n f r a - r e d  r a d i a t i o n  have been t e s t e d  d u r in g  
th e  e x p e r im e n ta l  s tu d y .  A b r i e f  d e s c r i p t i o n  o f  each  so u rc e  and 
t h e i r  r e l a t i v e  m e r i t s  f o l lo w s .
1. Nichrome E ilam en t
A c lose ly -w ound  c o i l  o f  n ichrom e (80$ n i c k e l  and 20$ chromium) w ire  
lo c a te d  a t  th e  f o c i  o f  a  s p h e r i c a l  alum inium  r e f l e c t o r .  The f i l a ­
ment i s  h e a te d  t o  betw een 900° and 1200°C by an e l e c t r i c  c u r r e n t  
s u p p l ie d  from a c o n s t a n t - v o l t a g e  t r a n s fo r m e r  and c o n t r o l l e d  by a ' 
v a r i a c .  T h is  so u rc e  h as  g r e a t  s t a b i l i t y  over a lo n g  o p e r a t in g  l i f e  
and r e q u i r e s  v e ry  l i t t l e  m a in te n a n c e .  However, b a re  m e ta l  f i la m e n ts  
a r e  no t good e m i t t e r s  o f  i n f r a - r e d  r a d i a t i o n  and th e  so u rc e  images 
a r e  no t uniform  becau se  o f  th e  c o i l .  \
2 . Alumina Tube F i la m e n t
The d is a d v a n ta g e s  o f  a  b a re  m e ta l  f i la m e n t  can  be overcome by 
su rro u n d in g  th e  f i l a m e n t  w i th  a  ceram ic tu b e  o r  a  un ifo rm  l a y e r  o f  
a ceram ic c o a t in g .  The e l e c t r i c a l l y - c o n d u c t i v e  c o i l  h e a t s  th e  ou ter 
ceram ic s u r f a c e  t o  a b o u t  1200°C p ro d u c in g  a un ifo rm  so u rc e  o f  
c o n s id e ra b ly  enhanced e m i t ta n c e .  A 12. 7  mm ( 0 . 5 " )  O.D. a lu m ina  
tu b e ,  50 mm ( 2 M) i n  l e n g t h  and 1 .6  mm (0 .0 6 " )  i n  t h i c k n e s s ,  i s  
wound w ith  K a n th a l  (2 0 -2 5 $  chromium and 4-5 -  6 .5 $  a lum in ium ) 
h e a t in g  w ire  which i s  t h e n  c o a te d  w ith  a r e f r a c t o r y  ( s i l i c e o u s )  
cement to  g iv e  an  o v e r a l l  d ia m e te r  o f  38 mm ( 1 . 5 U )• Power i s  ?
su p p l ie d  by a  c o n s t a n t - v o l t a g e  t r a n s f o r m e r  and i s  c o n t r o l l e d  by a  
v a r i a c .  Adequate i n f r a - r e d  energy  e m iss io n  was n o t  p ro d u ce d . ;
3 . T u n g s te n - Io d in e  Lamp
T his so u rc e  has  s i m i l a r  a d v a n ta g e s  and d is a d v a n ta g e s  t o  t h e  a lu m in a -  
tube  f i la m e n t  a l th o u g h ,  a s  a  com m ercial i tem  w ith  a  much h ig h e r  
o p e ra t in g  t e m p e r a tu re ,  i t s  e m i t ta n c e  i s  o f  h ig h e r  i n t e n s i t y  and i t  
i s  more r e l i a b l e .  A c o i l e d  t u n g s t e n  f i l a m e n t  i s  l o c a t e d  w i t h in  a  
q u a r tz  envelope  which i s  f i l l e d  w i th  io d in e  v a p o u r .  The o p e r a t in g  
te m p e ra tu re  i s  i n  t h e  r e g i o n  o f  2600°C, w ith  t h e  e m is s iv e  power 
ap p ro ach in g  t h a t  o f  a  b la c k -b o d y  r a d i a t o r .  Due to  th e  q u a r t z  
en v e lo p e , however, e m is s io n s  a r e  l im i t e d  to  th e  v e ry  n e a r  i n f r a ­
r e d .  The enve lope  a c t s  n o t  o n ly  a s  a  r a d i a t i o n  f i l t e r  b u t  a l s o  a s  
an  e m i t t e r  o f  s e c o n d a ry  r a d i a t i o n .  -F u r th e rm o re ,  th e  h ig h  o p e r a t in g
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te m p e ra tu re  r e s u l t s  i n  th e  e m iss io n  of a h igh  p r o p o r t i o n  of 
v i s i b l e  and u l t r a - v i o l e t  r a d i a t i o n  which r e q u i r e s  th e  use  of 
s u i t a b l e  f i l t e r s  d u r in g  s p e c t r a l  i n v e s t i g a t i o n s .  The p re s e n c e  
o f  occ lud ed  w a te r  i n  th e  q u a r t z  envelope  can l e a d  to  l a r g e  
i n t e n s i t y  r e d u c t io n s  a t  w a v e le n g th s  i n  th e  r e g io n  o f  th e  w a te r  
a b s o r p t io n  b ands .
4. N erns t  F i la m e n t
This was th e  most e f f i c i e n t  so u rc e  o f  i n f r a - r e d  r a d i a t i o n  t e s t e d .
The N erns t  f i l a m e n t  i s  a  2 mm (0 .0 8 " )  O.D. by 34 mm ( 1 . 3 " )  lo n g  
hollow  c y l i n d e r  formed from  a m ix tu re  o f  r a r e  e a r t h  o x id e s ,  and 
f i t t e d  w i th  p la t in u m  w ire  t e r m i n a l s .  The m ajor  d is a d v a n ta g e  of 
th e  so u rce  i s  i t s  l a r g e  n e g a t iv e  c o e f f i c i e n t  o f  e l e c t r i c a l  r e s i s ­
t a n c e .  The f i l a m e n t  m ust, t h e r e f o r e ,  be h e a te d ,  by an  e x t e r n a l  
f lam e , to  d u l l - r e d  h e a t  b e f o r e  i t  conducts  e l e c t r i c i t y .  Power in p u t 
to  th e  f i l a m e n t  i s  v i a  a  c o n s t a n t - v o l t a g e  t r a n s f o r m e r  and i s  
c o n t r o l l e d  by a  v a r i a c .  F o r  g r e a t e r  s t a b i l i t y  a  r e s i s t a n c e  i s  
f i t t e d  i n  s e r i e s  w i th  th e  f i l a m e n t ,  and a  s u r ro u n d in g  w a te r  j a c k e t  
h e lp s  to  red u c e  te m p e ra tu re  f l u c t u a t i o n s .
The so u rc e  h as  a  l i f e  o f  up t o  s e v e r a l  hundred  h o u r s ,  a l th o u g h  
t h i s  can g e n e r a l l y  be p ro lo n g e d  by c o n tin u o u s  o p e r a t io n :  w i th  a
reduced  c u r r e n t  i f  n o t  i n  u s e .
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DATA ANALYSIS ( COMPUTER PROGRAMMES )
STATE M F n T
' A 0
0
1
+ 4
V, 4r 4
* 4
■ f " 4
*• 6
2
> B. . . .
' 9’
1 0
11
.* 1 2
13
1 4
*  ■ _ 15
-15
►’ 16
*  ■ ' ' - 1 7
V ;  • . IP-
* ' 20| (
- 20
IV 22
/  K 2 4
25
, •/* • 6
► 2 7
- rvr. v.v * ■ -;.:r
J ■'2?-
■ , 31
77F3'3 ‘ “
34
■;'p'5
_ 36
» TRACE I ?
I P F G I M *
5 F. 1. F C T I w p ij ? f 3 ) f S F I. F C T 0 U T P l» T ( 0 ) t 
i r n m f m T i
* * * * * *  I v p u T F R 0 v» CR SDJ RCE  * * * * * *
J
f n F G ? M • ’ I N T E G E R ’ RN#uf#Wri1 i WW2»S#P# C # G , H , G A S J  
R L 0 C K 1
6 A S I «1 |
G t = R E A D f 
START i RN j c r E AD f 
W: «READ;
Wul1 | a R E A D f 
WW2 i «REAf ) J  
S S e= R E A D ;
C i = R E A D I 
P i  =READf 
W t « R E A [) f
» BEG I N» » I M J E GE R I  I , J , K , C O M P O S I T I O N # T E M P E R A T U R E ;
u  • '  I r  *  L [  11 K  T H H I ,  1 T l *  I
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BLOCK
BLOCK
•REAL* 2 E R 0 1 #Z E R O ? # Z 81G* I GNORE  I 
» A R R A V » A . Q # R # T # U # Z M ‘ | W , 1 i P J i L , N # X t Y M j W j |
’ P ROCE DURE ’ MEAN(  A , ZVl  
’ ARRAY’ A # 2 ;
* R F G I N 1 ’ AR R AY ’ Y £ 1 ! S 11 s W 3 J
I F O R ’ K : ®1 I S T E P ’ 1 ’ U N T I L ’ P ’ DO’ 
’ B E G I N ’ I G N O R E i b READI  
2 F R 0 1 f S R E A D j  
2 S I S I C R E A D J
2 E R 0 l :i « m R 0 1 * * $ ! r , } / 2 j  
’ F O R ’ I t  *1 ’ S T E P ’ 1' ’ UNT I L *
7 "  • ’ F O R ’ , j  1*1 ’ S T E P !  1* ’ U N T I L ’
V T I # J 1 * « R E A 0 |
- - - - . : ’ F O R ’ J * » ?  ’ S T E P ’ 1 ’ U N T I | »
  ’ B E G I N ’ A C J  , K 3 * ® 0 j
7 : ;_.r . :x r j 31 * v c j 31 *v c 1 , j 31
’ F O R ’ i * *1 ’ S T E P ’ I ’ U N T I L ’
•no*
1 DO’
w ’ d o ’
B E -.G-I’ N » n  F ’ MX I # J  3 <X £ J  3 
X £J  3 t s V t ! # J 1 J
* I F *  V U  , j 3>Y£ J3 
Y£ J  3 1 ® Y £ ! , J 3 I  
A U  1 K 3 « “  A C J # K 3 + V C I , J  3;
S ’ DO*
’ THEN ’ 
’ THEN’
’ END ’ Imr: * m *um j j «xm ? •*
A £ J , K 3 : « A E J , K 3 / S |
s a m  5* m m  r- - v -
I G_N 0 R E 1 b R E A ft J 
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’ FOR* J i » g  ' S T E P '  1' 1U N T I I . ' W ' DO '  
: : i  • tH 'H X D iX C Y r iC  At J  i  K 3 » 0 . 5 * < Z E R 01 * I E R 0 1 > I 
I END 1 I
a i  s.nj r  s a ; ■ ' ; .;
...
’ BEGIN’ 
BLOCK A
BLOCK 5
* END’ OF 
L [ 1 3 i=R E A D J 
NCI 3 1*10  f  V /  L C O  I 
S E L E C T I N P U T ( O ) i  
I FOR ’ i) I* 87TEP' ’ 771"=:’ .U N T IL ' 
’ BEGI N'  LCJ3 i ® i t  j - l Y * 0 ' . 0 2 5 i  
• : 7 N f J 3 j  M J! 0 1 47 L £ J 3 1
’ END’ I
’ PROCEDURE*  ABSOR PT I ON <N) I
W ’.DO’
6 0 •ARRAY’ N t
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’ B E G I N '  ’ ARRAY ’ A R S V , TDTCWW1 |WW23 , ft 1FFCWW1 i U W ? #1 : P 3 y 
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I END * |
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M i « N [ WW13 f 
A R E A t B 0 J
I FOR*  J  t 8 W W1 ■f 1 * S T E P ’ 1 I U N T I L ’ WW2 ’ DO'
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Y t = * B S Y f J 3 ?
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A R E A 2 t ® 0 j
• 'FOR* J  i * W W1 +1 ’ S T E P ’ 2 t IJ N T 1 L • WW2-1 ’ DO'
' A R E A 2 t * A R E A g * 4 * A B S Y N  3 y
’ FOR* J y ? WW1+?  ’ S T E P ’ 2 IU W T I L  * WW2^2 ’ DO’
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R M i » R M + 1 !
* F 0 R » J  t 8 VW1 ‘ S TE P *  1 * U W T f L * W(J? » D 0 ‘
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45 SFLE CTOUTPUT ( f ) )  ;
w m m - m y . ■ TEMPERATURE l =1 1 "1 .............
C O M P O S I T I O N ! » 1 ;
C I R C L E | M ‘E A N ( R #Q) ;
i* ? 1 CYCLE t MEAN( T , U ) i
A B S OR P f 1 ON( N 3 t 
C O M P O S I T l Q w i s C D M P O S J T f O N H j
• I F *  COMPOS I T I ON ‘ I E 1 C ‘ THEN* ' GOTO1 CYCLE ;
T E MP E R A T U R e i * t E MP E R A T U R E + 1 l
/ ‘ I F *  TEMPERATURE  * I E  * H ‘ THEM* 'GOTO* C I R C L E ;  
S E LE CTOUTPUTC1 ) ;
RUNOUT I -• . T ' ; 7 7
WR1T E T E X T <*<‘ , C ' 1 C l ) ‘ * * * * , < M C » 3 * # S i m C H , <, 1 C * ) * , ) » > ;
RUN OUT;
RUNOUT;
•S E L EC T 0 U-TPUT'i 0 > 11 ~ *•.
END * j
i w m m m x n f i
Ga s i * G a S * 1 ;
I ; G a S ;* L l  * "= G ri T HEN * * 'G 0 T 0 =• S T ART I  
E N D M  " " ______ _________________________
END *'| ~ "  "
I ENGTH " 1 6 2 5  -V-....... —
SED 43 _ ......... .. ' Z  " 1 U ----
.... 3 m n m m m m n * * *
TNI  S H * ::
EC
{>A':V;-r :;:=^|3-3=v-
. . .  .I r  ^
' TRACE*  2
• BEG I N•
S F L F CT I NP UT<3>;  S F I E C T O U T P U T ( O ) ;
•COMMENT*
* * * * * *  INPUT FROM CR SOURCE * * * * * *
♦*
•B E G I N '  ' I N T E G E R *  G , GROUP , V , RN, T E M P R E , WWiWWW1 rWWW?;
BLOCK 1
•REAL '  PATHLENGTH;
G ; =1 ;
GROUP : =R f a d ;
S T A R T ; V : =R E A D;
RN: = READ;
PATHLENGTH: =READ;
t f m p r e : = r e a d ; . _
y  WW:=r e a d ;
WWW1:=RFAD;
WWW2;=READ?
•BEGI N*  ' I N T E G E R *  J , K ;
BLOCK 2
' R E A L *  Y , M ;
•ARRAY'  L » N t 1 : W W ] , P R F S S U R E , COMPOSN, ARF A , AREA 2 , BANDEMI  SYC 1 : V l  ,
‘ AB S Y#S PL ' E ' MI S N . BL CKS P L E MI S NC1  sUW#1 :V3 ;
' FOR*  K:=1 ' S T E P *  1 ' U N T I L '  V ' DO'
' B E G I N '  P R E S S U R E [ K ] : = R E A D ;
COMPOSN[ K3 : =READ;
' END' ;
L [ WWW11 : = r e a d ;
NCWWW13 : =1Of 4/ L f WWW1 ] ;
' F O R '  J : = WWW1+1 ' S T E P *  1 ' U N T I L '  WWW2 ' DO'
' B E G I N '  L C J  3 : = L F J -1  1 + 0 . 0 2 5 ;
N [ J 3  r = 1 0 t 4 / L f J 3 »
'END'.*
S E L E C T I N P I J T ( O )  ; ~
' F O R '  K : s1 ' S T E P '  1 ' U N T I L '  V ' DO'
' B E G I N '  ' F O R '  J  : =1 ' S T E P '  1 ' U N T I L '  WW ' DO '  A B S Y C J , K 3 : =RFAD;
Y : =ABSY C WWW1,K3 !
M: =N[ WWW13;
ARE ACK3 : =0 ;
' FOR ' J : =WWW1+1 ' S T E P '  1 ' U N T I L *  WWW2 'DO*
' BEGIN'  AREA[K3: =AREA[K3+0. 5*<Y+A8SYr j , K3)*(M-Nr j 3) ;
? Y r sABS  Y ( J  # K 3 ;
\>M : = N N  J ;
• E N D ' ;  "v 
ARE A2CK3 : =0 ;
' F O R '  J : s=WWWl +1 ' S T E P '  2 ' U N T I L '  WWW2 ' DO'  
A R E A 2 CK 3 : =A R E A 2 t K 3 +A * A B S Y E J # K 3 ;
' F OR ' J : “ WWW1+2 ' STE P *  2 ' U N T I L '  WWW2 ' DO'  
A R E A 2 C K 3 : = A R F A 2 t K 3 + 2 * A B S Y C J , K 3 ;
A R E A 2 E K 3 : = ( ARE A2 [ K 3+ABSYtWWW1, K 3+ABSYt WWW2, K 3 ) + 0 . 0 2 5 / 3 ;  
' F O R '  J : =WWW1 ' S T E P '  1 ' U N T I L '  WWW2 ' DO '
• B E G I N '  B L C K S P L E M I S N C J , K 3 : = 3 . 7 4 038- 12 / L C J 3t 5 /
<E X P <14387/L t J 3 / T E M P R E 3 - 1 ) ;
S P L E MI  SN C .1 , K 3 : = B L CKSPLE MI  SN t j  # K 3 * A BS Y C J  » K 3 ;
•END' ;
 -r V ~ B A N D E M I S Y [ K ] : = 0 ; - ?•v v  ;
' F O R '  J : =WWW1+1 ' S T E P '  2 ' U N T I L '  WWW2 ' DO '
' B ANDEM ISY C K l : SBANDEM ISY fK3 + 4*SPL E MISN [ J # K3;
•FOR'  j : =WWW1+2 ' S T E P '  2 ' U N T I L '  WWW2 ' DO '
B ANDE MI S Y C K 3 : ANDEMI SYCK3+ 2 * SPLEM I S N £J #K 3 ?
BANDEMISYCK3:*<8 AN DEM ISYEK3 + SPLEM ISN£WWW1,K] + 
SPLEMISNEWWW2,* 3 3 * 0 . 0 2 5 / 3 / 5 . 6697&-28/TEMPREt4;
' END' ;
WRI TE  TEXT ( * ( "  < ' 3C25S • ) ' RUNXNUMBERX ' ) • ) ;
SPACE(7)  ;
' FOR*  K ; * 1  ' S T E P '  1 •UNT I L * '  V ' DO'
206
207
5>
f>
8
9>
3^
[ B G W H  
TS “ Us
• E ND ' 
MND*
* END*
ED
•BEGI N*  P R I NT  ( R N , 6 , 0 ) ; 
R N : S R N +1 ;
1 END 1;
WR I TET  
SPACE (
* FOR*
WR I TET
* FOR '
WRI TET
* FOR *
WRI TET
* FOR *
WRI TET
* FOR *
WRI TET
* FOP '
WRI TET
* FOR'
WRI TET
* FOR '
WR I TET  
WR I TET  
NEWLI N 
' FOR'
' B E G I N
EX 
1 ? 
K : 
EX 
K : 
EX 
K:  
EX 
K:  
EX 
K : 
EX 
K: 
EX 
K : 
EX 
K: 
EX 
EX 
E ( 
J  :
T ( ' < " ( '  
) ;
=1 ' S T E P '  
T ( ' < " ( '  
=1 ' S T E P '  
T ( ' ( " ( '  
=1 ' S T E P *  
T < ' ( " ( '  
=1 ' S T E P '  
T ( ' < " ( '  
=1 ' S T E P *  
T ( ' ( " ( '  
=1 ' S T E P '  
T ( ' ( " ( '  
=1 ' S T E P '  
T ( ' < " ( '  
=1 ' S T E P *  
T ( ' ( " ( '  
T ( ' ( " ( '  
1 ) ;
= WWW1: 'ST 
SPACE (24)  
PRINT (Lt  
WRITETEXT 
PRINT T<NT 
SPACE ( 2 ) ;  
* F O R ' : k :  = 
NEWLINE(1
C25S * ) ' GAS*/.' ) ' ) :
1 'UNT 
C 25 S' ) '  
1 ' UNT
C25S' ) '  
1 'UNT 
C25S' ) '  
1 ' UNT 
C25S' ) '  
1 'UNT 
2C25S' )  
1 ' UNT 
C25S ' )  ' 
1 ' UNT 
2C25S' )  
1 ' UNT 
2C25S' )  
C25S * ) '
I I '  V 
TEMPER 
I L ' V 
T OT . PR 
I L ' V 
COMPOS 
I L '  V 
PATH%1 
I L '  V 
•BAND*/ 
I t '  V 
B A N D% A 
I L '  V 
* BAND% 
I t '  V 
' WAVE ( 
LENGTH
' DO '  WRI  
A T U R E ( K )  
•DO'  P R l  
E S S  . (ATM 
' DO '  PR I  
N ( C0 2 ) % %  
•DO'  P R I  
E NGT H( CM 
•DO'  P R I  
ABSCECMU 
'DO* P R I  
B SCE ( CM-  
' DO '  PR I  
E M I S S I V I  
' DO '  P R I  
MU)%%WAV 
*/%%%NUMB
TETEXT( ' ( '%%%C02/N2'  ) ' ) ,* 
*/%%%' ) ' ) ;
NT (TEMPRE, 6 , 0 ) ;  
) %%« ' ) ' ) ?
NT (PRESSURE[K3,4,1) ;  
%%%%' ) ' ) ;
NT (COMPOSNCK), 2 , 3 ) ; 
) %%*• >' ) ;
NT (PATHLENGTH,3 , 2 ) ;  
)%%%%' ) ' ) ;
NT (AREA2f K3, 1 , A) ;
1) %% ' )  • ) ;
NT ( A R E A f K ) , 6 , 0 ) ;
T Y % % % ' ) ' ) ;
NT ( B A N D F M I S Y T K ) , 1 , 4 ) ;  
E<CM-1 ) • ) ' ) ;
E R •) * )  ;
E P '  1 ' U N T I L '  WWW2 ' DO'
f
J 3 , 1 , 3 ) ;
( ' ( • / ' > ■ )  5 
1 3 , 5 , 0 ) ;
• S T E P '  1 ' U N T I L *  V ' DO '  PR I NT ( A B S Y C J , K 3 , 2 , 3
'.END' ~
PA PERTHROWf  
G:=G + l ;
SELECT 
'  I F ’ G
I N P U T ( 3 ) ;
' L E '  GROUP ' THEN* •GOTO'  START;
LENGTH
37
1283
f  n r s  h j .
E C
COMP I LED BY, XALT MK -5
APPENDIX. IV
EXPERIMENTAL DATA
PUN Mil MB F P 9* 9 6 9 5 96 ?'7
GAS C n 2 / N ? t: o ? i m ? Cng/ w? C02/N2 C3 ? / N2
T F M p E R A T U R E U ) 5 0 0- 5 00 500 500
T O T . P R E S S . ( A T M ) 1 , 0 ? . 0 3 .0 4 . 0 5 . 0
co«pnsw<no?> 1 .000 1 .500 1 , 000 1 ,000 1 . 000
PATH L E N A T H ( C M) 3? 9 / 3 ? 9'. 3? 9 . 32 9 . 3 2
BAND A R S C E < M U > 0. 0939' 0 . 1 38? 0 . 1614 0, 1716 0.1 79*5
A A v n ARSCE(C«-1) 127 1 84 216 230 2 40
BAM'O e m i s s j v t t y 0 . 0017 0 . 00?5 0 . 0030 0 . 0 0 3 2 0 , 0034
WAVE (Mil) WAVE(CM-l )  
LENGTH N U M & F r
2 , 575 / 3883 0.000 0.000 0.000 0.000 3. 00 0
2 , 600 / 3846 o . o o o 0.000 0.001 0.000 0.000? .  625 / 3810 0 . 0 5 7 n . 101 0 . 126 0.1 34 0 .1 18
2 .650 / 3774 0 . 4291 0 . 5 6 ? 0 . 5 98 0 . 606 0 . 616
2. 675 / 3738 0.6 9-6 0.9-01 0 . 955 0 . 973 0. 9*7 6
2 .700 / 3704 0 . 5 2 7 ' 0 . 7 7 ? 0,  879- 0,9-41 0. 9*7 5
2 . 725 / 3670 0.451 0.721 0 . 856 0.9-3 4 0. 9*61
2 . 750 / 3636 0 . 559* 0 . 829* 0.951 0 . 980 0. 99-4
2. 775 / 360 4 0 , 533 0.  791 0 . 924 0.9-77 0 . 9*8 8
2. BOO / 3571 0.341 0.551 0. 707 0 . 799 0 . 852
2 . 825 / 3540 0 . 134 0 . 236. 0 . 326 0. 409 0. 4 9*2
2 . 850 / 3509' 0 , 0 27 0 . 0 5 ? 0,101 0 ,1 08 0.161
2, 875 / 3478 o . o o o 0.011 0.021 0.000 0 . 0 3 7
2 . 900 / '3448 0.000 0.000 0,000 0 .0 00 0 . 000
RUN NUMBER " r- 9-8 • _ 9.51 100 101 1 02
6 A S C02/N? C 0 2 / N ? C02/N? C02/K-2 C 3 ? / N 2
T E M P ER AT U RE (K ) 500 5nn 5 0 0 500 500
T O T , P R E S S . ( A T M ) 1 . 0 2 . 0 3 . 0 4 .0 5 . 0
COMPOSN( 0 0 2 ) 0 , 500; = ; - rO . 500'• - -0.-500 0 ,5 00 D . 500
PATH LENGTH C CM) 9'. 3 2 9;. 3 ? 9'. 32 9 . 3?
BAND AB SCE (MU ) 0 . 0 05 8 0.0169* 0.0200 0 .0 24 3 0 . 0 3 5 ?
BAN 0; -,A B S (! £ ( C M -1 ) - e 20 27 33 48
BAND E M I S S I V I T Y 0. 0001. 0 . 0 0 0 3 0.0006 0 , 0 0 0 4 0 . 0 0 0 6
W A VE < M U r - 45'A •
LENGTH NUMBER
2 , 60 0 : ^  / : " 03 846 - T ~ : OYOOO - 0 , 00 0 \ • • •o. ooo- - 0 ,0 00 0.000
2 . 625  / 3810 0.000 0 . 007 ’ 0.  009* 0,000 O'. 011
'2,  650' '3774 ' 0,019- ■- 0 , 0 7 7 0 . 105 0 . 1 0 8 0 . 170
2 , 675  / 3738 0. 0 64 0 . 1 62 0,19-3 0.231 0 . 329
2 . 700  / ': 3704 " 0 , 025 0 . 0 8 8 0.1 21 0 . 1 5 4 0.220
2 . 725  / 3670 0 . 0 1 6 0 . 057 0 .0  93 0.120 0 . 1 67
2 . 75 0 ^ 7 -  " 3 6 3 6 0 . 039- 0 . 1 0 5 0 , 1 2 6 " 0 .159 0 . 215
2 , 775  / 3604 0 , 0 3 8 0 . 0 8 ? 0 .1 06 0.1 23 0 . 178
2 .8 00  / 3571 0.020 0 . 0 2 5 0 . 0 50 0 . 053 0 . 0  9*4
2 . 825  / 3540 0 , 005 0.010 0.001 0,019- 0 .0 35
2 . 850 > '' 3 5 09: "  r 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 "0 . 0 0 0 0 . 0 08
2 , 875  /  3478 0.000 0,001 0 . 0 0 0 0.000 0.002
2 . 900  / 3448 "  . 0 , 0 0 0 0.000 0 , 0 0 0 0,000 o . o o o
210
RUN NUMBER 1 0 3 1 04 1 0 6 1 06 1 07
GAS C02/N? C 0 2 / N 7 C 0 2 / N ? 002/N2 C 0 ? / N 2
t e mp e r a t u r e (X) 5 0 0 500 500 500 500
TOT . PRESS . < A T M ) 1 .0 2 .‘ 0 3. 0 4. 0 5.0
COMpOSNCCO?) 0,100 0.100 n .100 0.100 0.100
path LENOTHCCM) 3? 9-;32 . 9’. 3? 9.32 9, 32
band ARSCF(MU) 0 . oooa 0 . 0 0 4 ? 0 . 0049* 0. 0077 0 . 01 2 B
band ABSOf( C m «1 ) 0 A 6 10 1 7
BAND EMISS1VTTY 0.0000 0 .* 0 n 01 0 . 0 0 01 0.0001 0,0002
WAVE (MU) W A V E ( C m -  O
LENGTH NUMBER
2.600 / 3846 0,000 0 . n 0 0 0.000 0 ,000 0.000
2.625 / 381 0 0.000 0.008 0.000 0. 000 0.000
2,650 / 3774 0,000 0,02? 0. 002 0. 026 0.048
2 . 675/  / 3738 n.noo ' 0 . 034 . 0. 056 0. 0 60 0,111
2.700 / 3704 0.000 0 . 027' 0 .023 0. 049 0. 0 88
2,725 / 3670 - ovooo 0, 00 9’ -• 0 . 010 0 . 0  29 0.05 4
2..750 / 3 6 36 0.000 0 , 01 R 0,030 0. 044 0. 066
2. 775 7 '3604 0.000 0. OPS 0, 039- 0,  048 0.078
2.800 / 3571 0,005 0.017 0, 017 0. 024 0.035
2.825 / 3540 0,000 n .nos 0, 000 0, 000 0 . 00?
2.850 / 3509* 0.001 0.000 0. 007 0. 013 0. 01 3
2.875 / 3478 , • 0.010 0.. 00 0 0 .003 0. 017 0.015
2.200 / 3448 0.000 0 . non 0.000 0.000 0.000
R UN >N UMB | R  B S ; > £ l  0 9> -7 >110 - 7 > 1 1 1 y y  11 ?
0 AS CO2 / N 2 C 0 2 / N 2 C02/N2 C 0 2 / w 2 C02/N?
T ZM  ERA T UR.E ( X T  Y . : >•“ * > 5 0 0 > '■ : : £ >S 00. -7->'"500 ' ' • -> . 50 0 ' 5 00
TOT, P R E S S . (ATM)  1 , 0 2.0 3 .0 4 . 0 5 . 0
coMpp SN ( C 02 >£/ g l t f )  #120=7 0 6 2  0 [ - 0 , 6 2 0 0,-620
PATH LENGTH <cM) 9 ,. 32 9>3 ? 9 -. 3 2 9 *. 3 2 9 . 3 2
BAND A8S CE ( MU )  “  0 . 088 8 ...... 0>1 32 4- 0 .1555 0 . 1685 0 ,1787
BAND A B S C E ( C M - i )  120 ,>7.1 7 8 208 226 ■ 239'
BAND E M I S S ! V ! T V  "V  0 .0 01 6 ^ 0 : > h 0 ? 4 i 0.  0029'; . 0.  0032 ' 0. Q'034
WAVE (MU) WAVE t P M ; *; -»• >» 3 £ ^ ’’ »  7 . Z/T-T’-r-■ V * ■ ■ - ‘ ' ' vrTH’**" *
LENGTH_ _ NUMBER ___
2’, 8p >  :>£*- >0 ;WO'"< - - rOW' "^n OP0"0 "?~-^ro00
? . 6 g 5 / _3810 _ 0.  033 0. 064 0.  069'  0 . 0 94  0 . 1 1 9 ’
2 . 650V-/ <3774 r  * 0 , $ 7 2> : *0 . 189 ' "  0 . 524 0 , 553 -7- 0/583
2. 675 / „ . 3 7 3 8 . _  0 .661 __ 0. 874 0.941 0 . 9 54  0. 970
2. 700'  / 3704;7- 0 . 522  7 -0 .7 66 7  0 . 875 - ‘0.919* •' 7 07975
2. 725 / 3670________0 , 421______ 0 , 6 74  0. 824 0 . 889  0 . 9 4 9 ’
2 . 750  / 3636 -I--; =0, 506 70,79'0 0.9-23 1 . 9 7 1  7 . ^ - > 9 1 7
2.775  / 360 4 ____ 0 . 5 U  . 0.  770 0. 91 2 0.9*64 0. 993
2. 800 - 7 357V 0 . 347 - - 0 . 548 0 . 69'8 :\77o^79? 0. 856*
2 * 8 2 5 ....... / ...3540________ 0 .1 45  ....... 0 . 247  0 . 3 34  . 0,  41 8 0,  494
2. 850 - / ~3509s - 0*035 0. 065 0. 092 0.1 37 0*168
2. 87 5.._ 1  „ _3478__ _____ 0. 000 _____ 0, 01 8 0. 030 0. 041 0 . 045
2 , 900 . - 7  > 3 6 4 8  > 0, 000 7-HvOOO O. OOO ' 0.  000 0 . 000
RUN NIIMRFR 1 1 3 1 1 4 1 1 5 11 6 1 1 7
GAS C 0 2 / N 2 C n ? / m? C n ? / N ? r 0 2 / N 2 C 0 7 / N 7
TEMPERATURE < K > 500 500 5 00 500 501
TOT , P R E S S , ( A T M ) 1.0 ‘ 2.0 3 . 0 4 . 0 5. 0
C 0 M p 0 S N ( C 0 ? ) 0. 260 0 . ?40 0 .2 60 0 . 260 0.260
PATH LENGTN(CM) 9 . 3 ? 9 . 3 ? 9*. 3? 9 . 32 9 . 3 ?
BAND ARSCE ( MU) 0 . 0 4 3 ? 0.0791 0 . 1 0 4 ? 0 , 1240 0.1389
RAND A R S r E ( C M M ) 58 1 0? 1 41 1 67 1 84
b a n d  e m i s s i v i t y 0.0008 0 ; 0 01 4 0.0019- 0 . 002 3 0 , 0026
WAVE (MI.J) WAVE(C* »• 1 )
LENGTH NUMBER
2,600 / 3846 0,000 0.000 0 .000 0.000 0.000
2.625 / 3810 0,005 0 , 038 0 . 0 33 0 . 046 0. 0 66
2, 650  / 3774 0,175 0.325 0 . 399' 0 . 437 0.478
2 , 675  / ; ??38 ' 0 , 357 . I  0.611 : 7 0 . 7 5 5 0 . 8 44  _ 0.8 9*6
2 ,200  / 3704 ~ 0, 259* 0 .494, 0.641 0 . 740 0.811
2,725  / 3670 0 ,3 9*6 0.18ft ’ .--'0.5 20 0 , 6 26 0.71 7
2.750  / 3636 0.255 f t  .  480 0 . 6 3 2 0. 758 0 .83  8
2 . 775 " 7 " ' 3 6 0 4 "  " ‘ ■"0.252 0 . 456 0.618 0 . 735 0 .81 2
2.800  / 3571 0 ,143 0.276, 0.  3 94 0. 487 0.5 76
2 . 8j?5 ; / 3540 - ' 0 ,065 0 .  0 97 0.1 34 0 .2 03 0 725?
2 . 850 / 3509' 0 . 009' 0 .01 1 0.  046 0 . 0 6 8 0. 0 75
2, 875 / ' 3478 '  67000 0. 00? 0 . 0 25 0,022 0 . 036
2 . 900  / 3448 0.000 0.00 0 0,000 0,000 0.000
Jj g f:I ~~r“ C71v7ljj W jtk 1 ri'-’Sy1  m m,fV .V  i T J f i l . r C S . C ;  n ~ rz r“ ..._z*.~t.rr^rY;z:z;
GAS C02/N?
;;Y.rz. " iv / l *1 .** » •
C 0 2 / M ?
■ I '  C l )  ■ . —  - 
- CO2/M2 " C02/W2" CO? / N?
TE M p E R£t :U R£ < K ) w c im .m . -: ^  i  : 7.007 7 " 7  700777- :7'r 7 00
T O T , P R E S S . ( A T M ) n o 2.0 3 . 0 4 . 0 5.0
w $p M  m m zm M m zs g ii/ i^ o .o b  77 ■vl.OOO 1000
PATH US NGTH< CM) ___________9^3 ? 9732 9'. 32 9'. 32 . 9’. 3 ?
BAND A B S CE ( M U ) 0 , 0978 07147 r7 ' '0.  1763 : 0 .19  30 0 . 2006
B A N M A l:S  c 1  j  c M  J '. i :r z z m n  :■1 :- ^ i .19? ' i-7;7. ,135  - 256 266
B AND" p 1 ^ S ; S WM9% f i jQ  1 0 1'4 57710 701 7.3 1:0701 90 ft 701 9*8
U A V E < MU ) i ^ w r r t :M* 1 ..■,a^ a?^5?^ ag.,
LENGTH n u m b e r
2.600 j 13 80:1177%-W T b o b  7 OlftOfti 1:7 b .  o o b - 070  o r >:>rj)7i )0b
2.625 / 381 0 0.031 0 . 064 0.100 0 . 136 0 . 1 3 ?
2 ,650 1 1 7 7 l 7 ? 4 ; 7 7 ; i l I b l S  57' 767-511: ‘ 7 0 . 5 5 5 0.  591" i 70 . 60?
2,675 / 3718 0 .660 0. 891 0*953 0.971 0 , 977
2 7700 777' 73704 ; I'---!:":"6.- §86 : 7 0. 62 8 . 0 , 9 3 6 -0*975-w m ? * 8 9
2.725 / 3670 0 . 444 0 . 7 2 ? _ _ J U 8 7 j L 0.9-63 0*979
2,750' ■■7%/i713 63 B -0 746 6 .71:1ft 776ft- 7 - 7--07.91- 477:--:Y-0',-9-73?:7717-0. 9*9*1
2.775 / 3604- 0 . 522 0. 785' 0*928 0,9-81 0 * 99*4
27800: m ssw x m m W 4 4 3 ! -■#0741 ? 1■ « p b f '8 3 r '■77715-79'2 9 11710 ,, 963
.1* 8.2 5__L 3540 0 ,260  -____(1.4,4 7. 0^580 _ 0.71.1, ____ 0 . 7 8 ?
2 .850 Y::' 35 09 rv l l - y o v t o a i yiftHfi'1 "  0 7283 r : 0 7370 ' 0 . 438
2 .875 / 3478 0 ,038 0 . 051 0 . 0 9 0 0 . 109 0. 152
2,9*00 I-/" 3448 - S  " ;0 7000 "- - f t  7:0 Oft- 0 . 0 0 0 0 . 000 0 . 000
212
PUN N IJ M ft F R 1 2 3 1 ? 4 1 2 5 1 2 6 1 1 7
GAS C 0 2 /  N 2 C n 2 /  v ? C o ?  /  N? r o ? / K '2 C 0 ? / N?
T E M P E R A T U R E  ( K ) 1 n o n 1 onr ) 1 0 0 0 1 0  0 0 1 o o o
T O T . P R E S S . ( A T M ) 0 . 0 ' 0 . 0 0 . 0 0 . 0 0 . 0
C O M p O S N ( C O ? ) 0 . 0 0 0 0 . 0 0 0 0 , 0 0 0 0 . 0 0 0 0 . 0 0 0
P AT H L E N G T H ( C M ) 1 . 0 0 1 ; n o 1 . 0 0 1 , 0 0 1 . 0 0
RAND A O S C F ( M U ) 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 6
R A N p A B S C E ( C * » - 1 > 0 0 0 0 ‘ 1
R ANp  E M I S S I V I T Y 0 . 0 O 0 0 o . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0  1
WA V E ( MU ) uJ A V E ( C m - 1 )
L E N G T H NUMBE R
? . 5 ? 5 / 3 9 :6 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 5 5 0  / 3 9 ?  2 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 5 7 5  / 3 8 8 3 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 0 0 0
2 . 6 0 0  / 3 8 4 6 0 , 0 0  0 o . o o o  Y 0 . 0 0 0 0 , 0 0 0 0 . 0 0 0
2 . 6 2 5  / 3 8 1  0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 , 0 0 0 0 . 0 0 0
2 . 6 5 0  / . 3 7 7 4  - 0 . 0 0 0 0 . 0 0  0 0 . 0 0 0 0 . 0 0 0 0 . 0 0  0
2 . 6 7 5  / 3 7 3 8 0 . 0 0 0 0 .  0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 7 0 0 - 7 " 3 7 0 4  ~ 0 . 0 0 0 0 . 0 0 0- 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0
2 . 7 2 5  / 3 6 7 0 0 . 0 0 0 0 .  0 0 0 O . o o o 0 . 0 0 0 0 . 0 0 0
2 , 7 5 0  / - 3 6 3 6  - 7 / 0 7 0 0 0  ■ 0 . 0 0  0 0 . 0 0 0 - 0 . 0 0 0 0 . 0 0 0
2 . 7 7 5  / 3 6 0 4 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 .  8 0 0  . 17 1 3 5  7. 1711 ”•/ o . o o o  7' . 0 . 0 0 0 o . o o o 0 . 0 0 0 0 . o o o
2 . 8 2 5  / 3 5 4 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 8 5 0  7 7 3 1 0 9 1 7 1 l i l o o o  - : o . 0 0 0 0 . 0 0 0 0 , 0 0 0 0 . 0 0 7
2 . 8 / 5  / 3 4 7 8 0 , 0 0 0 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 0 2 3
2 . 9 0 0  / 3 4 4 8  7 7 Y I O . O O O Y I Y 7 o , ;0 o o - ‘ 0 . 0 0 0 0 , 0 0 0 0 .  o o o
VR uH: MUM8 ER YY 1 7  T28 YY7Y1129' - - n i  3o ; -. 131 13?
z.
GAS C02/N2 0 0 2 / M? C02/N2 C02/N2 C02/N?
/TEMPER ALU » 1 O 0 0 'MYILOOO: 7 1 1 0 0 0 v i - -  1000 1000 4
TOT'. PRESS . (ATM) 0, 0 0.0 0. 0 0.0 0 . 0
VSZ.ZSZ’±?ZXT.TJZA.-V.-ZZ— - HO. VO 00 m o v O O D 0. 000 0. 000 0, 000
7 PATH LENGTH( CM) 1 .00 1 ; 0 5 1 . 00 1 . 00 1 . 00
iszssssszxzrsrsss.^ ..-—
BAND ABSCE(MU)
ft A M ft A ft C f P i (VM m fl %
0.0003 6701.41
llV Y ~ k A |
0.0221
. --.,30
0 . 0347  
' A?
0 . 0437
§ (JH
-
. -- . . . .  , - *r *’ - — - -
5§s=Sisp£S£ I  ■■ BAND E MI S S M l T W M /W V y  9 0 ? . ;llp-7O037: l;lO  .yO 0 50 4 1 0 ,0 0 7 8 - -0 . 0098- !
WAVE ( MU) 1 WA VE rCM«4 - --.rq..v. : _ “ . /  f  • . - ■ : - r .’ _ i
length NUMBER
-.H^S'^ w2SsS:jL5-ri~ 2. 525 1 / 1396011:1 : 10 i 0 00 : 7 ?  l Oi On  o ; : 0 . 000 0, 000 0. 000 3
2.550 / 39*22 0. 000 0. 000 0.000 0. 000 0. 000
2, 575 1 /  • '3883 -Y^T - • 07 0 0 0 0 70 0 0 0, 000 0,000 4 0 . 0 0 0
2. 600 / 3846 0. 000 0 . 000. 0 .000 0. 000 0.000
2,625 f t -381 0 1 411 -“ '0 .000 1 - 0  70 0 0 0. 000 070 00 - v D . 0 0 2 “
2.650 / 3774 0, 000 0.045 0.085 0.121 0. 168
27675’-; ?7-.. 13738:1141 •1070 00 4: - , ,0.129' ■ 1 4 0 . 1 9 6 l y . O .  276 Y l  0.  340
2.700 / 3704 0, 000 0.106. 0 , 155 0. 240 0.302
2. 725 J ^ '3 6 7 0 /1 ^ 1 0 7 0  00 1  •V-04 0 4R. 7 -0 7 0 8 6 0,1  60 0.181
2.750 / 5636 0,000 0. 052 0. 088 0. 155 0.1 9*4
2.775 TV 7 3604 1114 - Oi ooo /1 0 7 0 8 1 m1 -1 0 .1 -1  8 ‘ 0 . 190 0. 224 7
2.800 t 3571 0,009 0.075 0. 09*3 0. 148 0.170
2 / 8 2 5 / / / - ; 13540 1 1 1 4 HO 7002 i n i o i & M ; - 0,051 ■-0 , 068 0. 087’ 1
2.850 / 3509' 0, 000 ■ 0 .000 0, 014 0. 027 0.044
y  ?a-~~ '2 ,-875:17 / 1 3 4 7 8 Z W ,; 07001 n n o v o o s 0, 003 0, 006 0, 0  32 i
2.900 / 3448 0. 000 0.000 0. 000 0, 000 0.000 ij
i'
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PlJN NUMBER 1 33 1 36 1 35 1 * 6 1 37
GAS C02/N? C 0 2 / M 9 C02/N? C 0 2 / N 2 C 0 ? / N?
T E m P L: R A T U R E ( K > 700 700 700 700 7 00
TOT,PRESS.(ATM) 1.0 ’ 2 . 0 3 . 0 4.0 5.0
COMPOSN (CO?) 0.260 0. 260 0 . 260 0 .260 0.260
PATH LENGTH(CM) 3? 9 . 3  2 9*3 2 9'. 32 9.3?
BANDARSCE(MU) 0.0270 0 . 0 63 2 0.0943 0. 1172 0 ,1 39'0
BAVp ABSCE(CM-I ) 36 85 126 157 1 85
BAND EMISSIVITY 0,0026 0. 004? 0.009? 0.0115 0. 0136 ~
WAVE(MU) WAVE (CM-1)
length number
2. 600 / 3846 0.000 0. Ono 0 .000 0. 000 0. 000
2. 625 I 3810 0,000 0. 000 0. 026 0,052 0.0 75
2. 650 /  3774 0.07?' 0.25? 0. 350 0. 412 D. 461
2, 675 / 3738 0. 208 "; 0 . 44  8 0, 652 0. 773 0.858
2. 700 /  3704 0.184 0.40? 0 . 574 0,696 0.7?«3
2, 725 3670 [' . 0 , 100 0 . 29-4. 0 . 443 0.571 0.671
2. 750 / 3636 0. 098 0. 303 0 . 466 0. 598 0 . 729'
2 . 7 7 5 ...7 . 3604 ...  0.161 ' 0 . 3  3 9' 0.501 0,621 ’ 0.741 ” X
2,800 / 3571 0.141 0. 273 0. 400 0. 509 0. 607
2 , 825'- /  3540 " • 0 , 067 " 0 , 148 0 . 239’ 0.296 •0.378 '1
2.850 / 3509 0,025 0.041 0, 090 0. 128 0.163
2, 875-  7 :  .347.8 > 3 - 6 . 0 1 1  . 0 . 010 0. 028 0.051 0.070 ~3.
2 . 9 0 0 /  3448 ____0.000 . . . 0 , 000 0. 000 0,000 0.000 -
- -r ' * .* V ' .. •-»- vi_ -r, t- — ~
; .7_- -.7--; ... - - -  -
?3=ia—* '  -' "...RUN N U -M B E R > ’ -
• 0 02/ M2:
•V/-.£;1 40 
C02/N2
L  ‘1 41 
C02/N2
1 42 
C02/N2g a s ’ C02/N2
Z-TEMP z K frn M M y iw 0 0 ;:-W /> 7 :o:a75^ T T w o o •y;i->-■ >700 -700
T p r , P R E S S . ( A T M ) ........ 1 .0 2 . 0 3 . 0  
" > 0 i  62 0 
9 ' .32
4 . 0  
- ■ - 0 . 6 20 
.......  9:. 32
5 . 0
0 M P u 5 NXCU t  J  r=5===== 
PATH LENGTH(CM)
i—£p;0 *620
Z l ' J f  5 ?
620: -' 
9*. 3?  ..
-• 0*6-20 
9.  32- - ,\V ”/>£r A -; r  : •’ "--v -7 . -- -
> BAND A9 S C E ( MU) 0 .0760 ’ 0 . 1 30 3- 0,159-8 0 .1796 0 .1 9 '04
B A ND -A BS CE(CM«1 )j_ m m Jfi 02 ..... 21 3 240 25 3
", BAND
•
.-0,0157- f r S S r i i - P f _ s r y Y f v W T M M l  2 8; • - 0,-01 77 0 ,0 18 8
wAvr<MOv
LENGTH
"WAVE (G« 
NUMBER
*1)
--: ; 2 , 6 0 0 ~? A >3846; T P ^ ^ O / O O f ) : : - ; ^ > O O O C W v o o o /■*" ; 0 / 0 0 0 ^ T o ;  000
' ' ........2 . 625 / 381 0 0,000 0. 044- 0 , 0 5 0 0 . 078 0* 09*4
; 2 * 6 5 0 / i / T >377 4 7 » : 7 v ; o , 2 77 0. 474:-' - 0 , 5 2 3 0 . 555 " 1 - 0 . 59*0
2 . 675 / 3738 0.541 0 . 8 2 5 0 . 9  23 0.9*61 0.9*69
M U W ^3704 ^ ' - 7 W O V 4 6 0 ■ b . 75 5: -0.890 0.9-54 -" 0*975
2 . 225 / 3670 0 , 332 0. 627 0 . 7 93 0 .906 0.9*44
m M m y y r ■ 2 , 750/ r.y.v>36367m m m l.-319.! 0/66? 0 , 830 > 0 . 940  V : ' -0, 971
2,775 / 3604 0,411 0.69-7' 0 . 855 0 . 938 0 . 977
i i l P / ; -  2.800 3574 M S D / 3 6 0 7/;- >0 . 389' - 0 . 742 ' 0.  863 *-'■ 0.9-7?
2 , 825 / 3540 0 , 203 0 . 369' 0 , 507 . 0 , 612 0 . 693
» § /  2 , 850" --350 9- 0.081 -0.146-' " 0,  2 20 '• 0 . 3 06  - '■* 0*358
2 . 875 / 3478 0.031 0 . 0 34 0 . 0 6 4 0. 083 0 . 128
2 . 900 3448 - 7 - :>0 , 000 • 0,  000: : 0 , 0 00 0 . 000 0 . 000
HU
M
/;-
.-
RUN K'U.MRFR 1 4? 1 4 A 145 1 A 6 1 4 7
GAS C 0 2 / N ? C -0 2 / vi 7 C02/N? r 0 ? / n 2 C 02 / N?
t e mp e r a t u r e< K) 900 90 0 900 900 9*00
TOT.P R E S S . (ATM) 1 . D 9 . 0 3.0 4 . 0 5.0
compos >1 (no?) 1,000 1.000 1,000 1 .000 1 . 000
PATH LENGTH(CM) 9'. 3? 97 3 9 9*. 3? 9*. 32 9.3?
BANp ABSCE(MU) 0. 0593 0 4  22?' 0.1508 0. 1830 0. 2015
band ABSCE(CM-I) 80 164 201 243 2 67
band EMISSIVITY 0. 0113 0 ; 0 ? 3 a 0.0288 0. 0350 0.0386
WAVE(MU) W A Y £ (Cm* 1 >
length NUMBER
2.600 / 3 8 A 6 0, 000 0,000 0,000 0,000 0.000
2.625 / 381 0 ' 0 , 003 0. 0 9*3 0.102 0. 137 0.127
2.650 / 37?4 0.215 0.461 0.533 0.5R3 0.61 3
2.675 / 3738 0,383 0. 730 0. 862 0.9-3 7 0. ?'5R
2,700 / 3704 0,369 0 . 69 4 0.819- 0.942 0. 9-66
2.725 7 367 0 .; 0 . 280 ~ ; 70 7-587:/ 0.729- 0.891 0.9-43
2.750 / 3636 0.231 0.550 0*692 0. 872 0.9-41
2 7775:7 / - 3604 ” ' 0 , 2 8 0 0.571 774 7.723 07886 0 .9-4 6
2.800 / 3571 0,278 0. 5??' 0.671 0,831 0.9-13
2, 825177 7 -3  5 40 : 7 0 . 1 8 2 ' 0.  3 9'4 0 74 9 6- •™ 0,645 0. 778
2.850 / 3509 D.115 0.21 9- 0 .287 0,392 0.528
27875717 3478 7~r 7 ‘ 70, 04 4 _.7 ■ 0, 080 0 7104 0. 160 7 0 . 2 3 9
2.900 / 3448 0. 009* 0.011 0.000 0, 048 0. 0 87
2. 925177 %7? 414-777771 7 0 , 0 0 0 - ' :7 0 , 400  ” 0,000 6, 000 0.7 01 6
2.950 / 3390 0.000 0.000 0,012 0.001 0.030
2, 975717 ;- i - 3 3 6 l I - J l : i4 y o o o _.-:c4., 00 0:’ 0 ,000 0.000 0.000
....... - r::r —■=-1=--3~™3v- ;• -- i ■ -r -—
5 2
GAS _  C 0 2 / N 2  CD2 / N t : C02/N2 C02/N2 C02/N2
t M pJ rA X u 'fil^ JO c z £ 1 “ : i y 1 .oo‘o ‘ 14b -b i;y?;;fio 'Q 'o . ' /-  i d o o  • 1000
T O T . P R E S S . ( A T M )  6 . 0  0 .0  0 , 0  0 . 0   0 ,0
CQMpG^ICf t^ i a i ^ M i a y Q00 7 M 17/707:040, ■- J o 70 00 ' 0 . 000
PATH LENGTH <4Mj__________0 , 0 0 _______ 0. 00 0.  00 0.  00 ' o .  00
BAND A BSC E ( M U ) "  6, 000?  O 7 O 0 U  0 . 01 48 0. 0304 0 . 0355
" W t e 6 :* toO i f g t f  j f r L T~ '" 1 1 ? 5 “s z'~'~r] 9* ■' '* " 40 - •- -■— 47 -
|  AN D I  S S T O  f  ^ 1 i r a B T p " t ) p 0 'i 0 3 3  vr  - 07 0O6'8' 'v  O.O08O "
wave
LENGTH NUMBER
2 . 3 a s : 7 1 r3 0 o i- :i- o W b 0Ty  1C700 0 -
2 , 5 5 0  / 3922 ___  _6. 000 _ _  ft. 000 0.  000 0 . 01 9 0 . 000
2, 575 ■ / 3883 v ; I "  O70Q0 . 07000 ’ • ” 67000”  ' • 0.  000 "  : 1  07 000
2 .600  / 3846 _ 0 . 000  _  0 . 000  0 , 000  0 . 0 00  0 . 000
2,  625 / 73810;  - • - 6?000  - “ 0 , 0 0 0  0 . 000  - 0.  005 7 ^ 4 / 0 0 2
2, 650 /____ 3774______  0.  000 0. 500. 0,  080 0.  1 1 5 0 . 132
27W 5r- "~t^  3738z ' l  ,7-f--5-0; boo 1  ~ 0 . 00 0.' "  "b  J6 83 ' ■' ‘0 ,1 '7771 - 4 7- 2 34  '
2 . 700  / 3704 _ 0 . 0 0 0  0 . 0 00  0 , 072  0 . 1 9 0  0 .23D
2 , 72  5 -7)" ‘ 3 670 " 0 , 0 0 0  *’ OVO00 0 , 0 6 4 " T ' o W s ' f T - f f ^ 4 ’V 1 64
2 , 750__ / 3636 _  0 , 000  _  0 . 000 0 , 0 3 6 _  _ 0 , 1 1 4  J - . 1 3 2
2 7775 - 7 ^ 3 6 6 4  -? 1  ^ ^ 4 0 0 0  0 . 0007 07 077 ” ^ 4 7 1 8 7  0 7201
2,_B00__ /___ 35 71 _______  0.  000 __0.  02 8 0.  077 0.1 33 0.1 67
i  f M 5W M 3 5401 ?-.0 ,-6 0O'' -7 7n . 0 5 1 - l i 47442 0 . 099 r 0 7 091
2. 850 / 3S09 _______ IL. 0 0 9______ 0 . 000 „ ___0.028 0.  044 D . 0 49'
2 v 8 f 5 W ‘ 1- 6 . 01  4 0.  009- 0 . 013
2. 900 / 344B__________ 0x000______0_,444:____  0 . 002  0 . 005  _ 0 , 000
2 . 9 2 5 l ^ ^ 3 4 1 9 % sl ^ ^ v 0 6 o > ^ ^ o ^ 8 4 b F i  :^ 6 . 6 b l  • 0 . 0 0 0  : 6.  000 :
2.  950 / 3390  _0. 000 _ 0. 000 0. 01 0 0.  000 0. 003
2 , 975  / .-3361 - v. - - q f 000 ■ 6« 660. 6.  000 7 0.  000 6 . 0 0 0
215
Pl)N NUMB PR 1 5 ' 1 8 4 156 1 56 1 57
GAS C 0 2 / N 2 Cn?/M? C 0 ? / N ? CO?/w? C 0? / VI ?
t e mp e r a t u r e { y ) 900 96 ft 9 00 900 90 0
TOT. PRESS. (ATM) 1 . o * 9 .0 5. 0 4.0 5.0
COMPOS N(CO?) 0.620 0. 6?D 0. 620 0, 6?0 0.620
PATH LENGTH(CM) 2.3? 91 3 P 9.3? 9'. 32 9‘. 32
BANft ABSCE(MU) 0.0794 0/1328 0.1695 0.1966 0.2067
RAND ARSCE(Cw- I ) 105 1 77 225 260 2 74
band e m i s s i v i t y 0.015? 0 . 0253 0.0324 0*0376 0.0396
WAVS (Mil) WAVE<CM- 1 )-■* LEMGTH number
2. 575 / 3883 0.000 n . ft n o 0. 000 0 . 000 0.000
2. 600 / 3846 0. 000 0. 000 0. 000 0.013 0. 000
2.625 t  381 0 0.025 0 . 0 93 0. 125 0.154 0.127
-jrn ./ 2. 65 0 /  . 3774 '111 0 .3  02 0 . 474 0. 570 0.625 0. 604
2. 675 /  3738 0. 491 0 . 7 6 ft 0.9 06 0,960 0.9*7 6
A :Y 1  • i  V, . 2 . 700 1 / 1  ‘3704 " ; 0 . 443 f t , . ? ?  6. 1 “ 6 . 8 5 4 0.9-56 0. 9*35
2. 725 / 3670 0.34? 0. 626. 0 , 776 0. 910 0.94 6
Vic. ~y. i r.*... ^ ,.. 2.750 /  , 3636 - 0.330 0. 596 0 . 787 6 . 8 9 3 0.9*44
2. 775 /  3604 0.361 ft. 61 6- 0 . 787 0.920 0.978
2. 800 r t  3571 6 , 3 5  2 .. . ft ,  § 6 ?’ 0 . 734 0. 873 0.93 5
2. 825 t  3540 0,270 ft. 431 0. 578 0,709 0. 799
Y f i^ *%n.frvY 2. 85 0 /  13509 ". 0 .158 0.251 0.351 0.449 0. 536
2. 875 /  3478 0.067 ft. 1 24 0. 175 0. 227 0.' 2 71
1 2 1 9 6 6 1 /113448  1 * 1 -0 .6 1 ft. 04ft 0 . 077 0 . 0  97 0.125
2. 925 /  3419’ 0.003 ft. 01 3 0,031 0.044 O'. 050
-jj'ir
il
iji-'
ii
li&i
i '.-iii 111
!
l:
j 1 2 12 5 0 1 f f : 1 3 3 9 0 1 * a i ' o o o - j .1  6 , 60f t 0 , 023 0.031 . 0.000
2.975 / 3361 0.000 ______f t ,  0 ft ft 0, 000 0. 0 00 . . .  0.000
H H y S S / y ; .
~ v - — . . . . . . . . . . . . . . . . ...........----------  .
...
GAS
T O T . P R E S S . ( A T M )  
PATH LENGTH(CM)
m M S  8, 
0 0 i t  N 2
m m m : 
1 , o
K i t
m m  5 9 ' 
Cbt'tM? 
m m f W  
I .  S
97 3?
BAND ABS CE (MU ) 0.0261 (10'6,1 ?
m m E n t
E F E tm
C02/N2
w m o "  o“
‘ 3 . 0
1077260; 
' J K  32
0 . 0 9 1 ?  
l i e !  23
1 1 * 1  
C02/N2 
- v 900 
' 4 .0  
0 . 260  
9 .32
0.1198
1 62 
C02/N2 
' 900
5 . 0  
0 .2  60 
9 . 3 2
0 ,1415188
6 and ye:m r r s f y  r- T Yi n / fgi06:56 - YCTYo 11 ? '  o. o i?5  “ r o T D 'a w *  o io  ? ? o
LENGTH NUMBER
1 76 0 0 1  >7 0 0
2. 625 /  3810 ' "0,000
2. 65 0 w /  -388
2. 675  /  3738
127700 
2 . 725  
•2.250 
2 . 775  
2 .8 00  
2 . 825  
2. 850 
2.  875 
1 2 .9 0 0 ,*  
2 . 9 25  I  
121950 1 /  
2 . 975  /
3670
-3636—
3604
3540
35 o9!n-.i-:  
3478
m m / i X E
341 9r ~"
3S 90 
3361
0,161 
* 1 5 1  
0,108  
'-6Q085 
0. 124  
" 0 11 3 7 
0.105  
5 , 05  6 
0 , 0 2 1  
10100? 
J . 0 0 5  
0 , 000  
0 . 000
10
0
i n
o
l o
o
‘7ft
ft
000 
021 
222 
191 
35? 
277 
*6«M 
287* 
07261 
0.191 
0.1 01 
0 . 039 '  
M EM  ti l : 
0.017* 
"OvObft l  
0 . 0 00
610 00 
0 , 0 5 4  
0 , 349'  
0 , 562  
0 , 5  o r : 
0 . 4 3 4  
0 1386" 
0 , 4 3 3  
6 f 3 9 p  
0 ,259* 
01173 r 
0 , 0 73  
6.029* 
0.011 
0 . 009 '  
0 . 000
0 . 660  
0.  083 
0.3987 
0 . 700  
0 . 65  2 
0 . 5 7 3 '
w m /
0 . 568  
0 , 5 0 4  
0 , 3 78  
6 . 2 1 4  
0.  096 
0 . 053  
0 . 004  
01019'  
0 . 000
piooo 
0 . 0?<0 
0146-1 
0 .796  
0v75 6 
668  
65 0 
662 
600 
452 
272 
130- 
0.  076.=
0; 039* 
0 . 0 0 2  
0 . 0 0 0  j
.-iiii
t;,!-
'. -
UHi
tl 
■■n.
ii.iiii
 
. iiit
.ij.. 
. -M
ini 
■.Jn
l[|U
jftJ
Htl
lL..
..tu
hiL
.>4
iiili
i ■ 
-• i
llil.l
 -..
.jU
lii,-
 Jl
iUli
., 
-flili
ti 
tiiilt
l 
i»).i
tll 
■-ii
litli-
-- 
illiii
r 
ii.iH
i
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RUN NUMBER 163 165 167 169 1 71
GAS C02/N2 C02/N2 C02/N2 C02/N2 C02/N?
TEMPERATURE < K) 294 •294 294 294 294
TOT. PRFSS . (ATM) 1 . 0 2 . 0 3.0 4 . 0 5 . 0
COMPOSN < C02) 1 . 000 1 . 000 1 .000 1 .000 1 .000
PATH LENGTH(CM) 9 . 3 2 9 . 3 2 9 . 3 2 9 . 32 9 . 32
BAND ABSCE(MU) 0.0735 0 . 1258 0 . 1400 0. 1480 0 . 1553
BAND ABSCE(CM-I ) 100 170 189 200 209
BAND EMISSIVITY 0. 0000 0 . 0000 0 . 0000 0. 0000 0 . 0000
WAVE(MU) W A V E ( C M- 1 )
LENGTH NUMBER
2. 600 / 3846 0 . 000 0 . 000 0. 000 0.000 0. 000
2. 625 / 3810 0 . 022 0 . 072 0 . 078 .. 0 . 076 0 . 098
2. 650 / 3774 0 . 314 0.531 0 . 560 ■iO . 58 8 0 . 59  5
2 .675 1 3738 . 0 . 634 ...... 0 . 9 3 4 . 0 . 9 6 7 .. .... 0 .975 ____0.981
2. 700 / 3704 .. .. . 0 . 4 4 7 0 . 710 0 . 816 2.0.873 0 .9  04
2. 725 / 3670 0 . 342 0 . 662 0 . 768 0. 828 0 , 873
2. 750 / 3636 0. 549 0 . 924  _ P . 978 0.991 -c>P*PP4
2.775 / 3604 0. 420 0 . 754 0 . 867 „ 0 . 9 2 1 ____0 . 943
2. 800 I 3571 0 . 162 I T  0 3536 0*445 0.523 , 1 0 . 5 9 3
2.825 / 3540 0 . 033 _ 0 . 08 7 0 . 115  . 0.141 . 0...1 89
2. 850 / 3509 : 0 . 014 /  > o . o 3 o : 0. 005 0.021 > 0 . 0 3 8
2.875 / 3478 0 . 010 0 . 000 0. 002 0. 000 0 , 012
2.900. / .3448 ,.->. 0 . 000 T T lo ^ o o a - , - - 0 .0 0 0 . .6.000 - - l c . 0 0 0
RUN NUMBER
G A S ; 1 3 M 3 1 3 3 3 > >  
T E M P E R A T U R E ( K )
>t 0 1 >P R e s s v 3 a t m >>
173
1C 0 2 / N 2 
29 3
175
> 1 C 02 /N 2 -
293
3 3 3 § 2 > 0 >
177
^= 0027N2 
29 3
- l
179
C02/N2 :> 
293
O v l  4>0 /-
181
>C02iN2 : 
293
.;.33j>>0 >
COMPOSN < C02 ) 0 . 6 2 0 0 . 6 2 0 0 . 6 20 0 . 620 0 . 6 2 0
/PATH ; LENGTH <CM» > >>-9132: ,> 3 3 :9 /3 2 1 I>>>>9>:3 2 --9.32 :>£■<=9 ~$2 y
BAND A B S CE (M U ) -0 .0929 >>0. 1229 0 . 1 3 5 3  >- 0 . 1 4 36 1 0 /1 5 0 7 1
BAND A B S C E ( CM-1) 126 166 183 194 203
BAN D E M I  S S I  V I T  Y ~  0 . 0 0 0 0  Q.OObo 0 . 0 0 0 0  0 . 0 000 0 . 0 0 0  0
^  j  WAVE(MU)  WA\Ze ( CM~1)  - ~
2.600 / __3846   0.000 __0._000 _0.J>00_ O.OJ0O __ 0/000
2 .625  /7  >3810 ... 0 -048  /  > P -07:1  >f3 )>fl78 3
2.650 / 3774 0.423 0.503 0.548 0.556 0,567
2,675 1 /  .1- 3 7 3 8 . - 0 . 7 7 6 3310 19 3 0 M!0>957>.H O  ..969=3>30/9763
2.700 / 3704 0.518 0.710 0.792 0.853 0.884
2.725 >>7>>3670 > 0.459 : TT0 . 643 > 1 / 0  *744 >>>0/M0> 3303841
2.750 / 3636 0.704 , 0.910 0.965 0.982 0.991
2.775 3 / 1 13604 >1 / 0 , 5 1 4 >>0v738 :3:.30./837/33110 >89 6 3 Z3sO>9 3 9
2.800 / 3571 0 .201 0.328 0,417 0.488 0.556
2.825 1-ttz>3540/3>1»0J043;m m j Q M : 3310/091 > 3 :0 .1 2 1 3 >30:>1T2
2.850 / 3509 0.006 0.028 0.008 0 .0 2 0 0.031
:2.875 3347811 T im *  020 l l lz o a o o ;11:30.000,3 3  0.000 3T;;O.OOA>
2.900 7 3448 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
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RUN NUMBER 183 185 187 1 89 191
GAS C02/N? C02/N2 C02/N2 C02/N2 C 0 2 / N?
TEMPERATURE <K) 293 ' 293 293 293 29 3
TOT.PRESS. (ATM) 1 .0 2 . 0 3 . 0 4 . 0 5 . 0
COMPOSN( CO? ) 0 . 260  : 0 . 260 0 . 260 0 . 260 0 . 260
PATH LFNGTH(CM) 9 . 3? 9 . 32 9 . 3? 9 . 3 2 9 . 3?
BAND ABSCF(MU) 0.0581 0.0918 0 . 1052 0 . 1168 0. 123?
BAND ABSC E( CM-1 ) 79 124 143 158 167
BAND EMISSIVITY 0. 0000 0. 0000 0. 0000 0.0000 0.0000
WAVE(MU) WAVE( CM- 1)
LENGTH NUMBER
2. 600 /  3846 0.000 0.000 0 . 000 0 . 000 0 . 000
2.625 /  3810 0 . 015 0. 045 0 . 042 0.041 0.041
2.650 ..../  1:3774 ....: • 0 . 2 7 9 : : 1 : 0 . 4 1 4  : . 0 . 4 5 8 0 . 4 8 5 . . 0 . 494
2.675 /  3738 _...0.531 __ 0.781 .. . 0 . 8 7 6 _ . ... 0.9.18 .. 0 .9  39
2.700 /  3704 =0. 339 . :0 .524 0 . 619  I 0 . 700 - 0 . 7 4 6
2.725 /  3670 0 . 272 0 . 448 0 . 540 0 . 615 ___ 0 . 657
2. 750 /  _ 3636 0 . 440 0.711 0 . 835 0 . 900 0.931
2. 775 /  3604 0. 294 0.501 0 . 614 0 . 706 0 . 755
2.800 /  3571 O ..IO I; 0 . 172 0 . 209 0 . 274 L 0.321
2. 825 /  3540 .... 0 . 025  _ ...... 0 . 048 0 . 020 0.041 0 . 056
2.850 . /  3509 I 0 .012: 0.021 0 . 000 0 . 006 0 . 000
2. 875 /  3478 0. 019 0.011 0 . 003 0 . 000 0.001
2.900 /  =3448 1 0 . 000 = -0 .000 0 . 000 0 . 000 , 0 . 0 0 0
■ ........ ... *w ------ - - -----
RUN/ NUMBER ^   ~ " iit  - 224, . ._229l   ?JZ _
GAS- - 0 2 / 8 2TfSbS27S$;«-?C'o'
TEMPERATURE<K L,.,.,-, .^ 293,^.^ . | 9I .. s .293 - ........293
TO TV P RES S7:CfT M) -Iv,- l * vb ■ . i .  5 . 0 ,
COMPOSN(C02) ,; - ,.-. . . . .4 . 000^ ,^ .4 Q0 .... 1 . 000 , 1 .000 
PATH' LENGTH <{TM)~^ ‘ V3 c + $ g• *-3 2 ;1 '
8 A N D A B S C E (MU) 7—-^ =0 /  0 0 9 2^110%0161; 0 J 0193 -  0 . 0224
BAND ABSCECCMM)   23: 41 • .. v.-48' 56.
BAND EMI S SIVI TY ^  4; 000b. - v^ / 0  0 M l  :/Q *0 000/ 0 , 0000
WA VE ( MU
LENGTH’ -"NUMBER Z. ~
1 . 8 0 0 _ / -5556  .......- 0 ,  000 .......Of. 00 0 ........-0 , 0 0 0 ...... -0 . 000  ,....
1 .825 Z f -  • 0 , 0 0 2 1 - 1 0 / 0 0 1  1 1
-1.850 7 -5405' ...... 0,001 0.006. 0 , 0 0 0 0 , 0 0 2
1.875 / -5533 = 1 .1 0,000 = OvOIQ. -  0/007 - • 0 . 0 0 0  -
1.700, ,,,/, , 5 263 r 0, 005 :.:- ,-0 , 01 4‘ -,--,0.016 0,008
\ , ? 2 S Wf,1*19$ 11111,6V 032 - i i d v f l s r l i b / o  6 8 1 = 1 -0,081 : -
1/9.50; _ / —51-28:______ 0,0.50.____0.682. ......_O,.09JB_.._ 0 .1 2 5 .....
1/975. ^5063:1—- - 0v095 z-0/224.™
2 , 0 0 0 7 ,5000  . .  0 . 1 0 1 __™-0,,J_54'__-fl , .L90 -... 0, 234....
2 . 025 : / • ,4 9 $ ^ b / T O f i i Ovl19 : :2.050 7 ...4878 ... . 0,020 — ,—Q.O 48 .......0,061. .. .0,069'
2.075 7 78171111110/004 - 0,019' =0 , 0 2 0 -
2 . 1 0 0 / 4762 _ _ -0.000 0 ^ 0 0  4, -  0,004... . .0,004
2.125 7 v-470611SM10,000 1 ^ 1 0 /6  04. - 0 . 0 0 2 : 1 . 0/005
RUN NUMBER 235 ?38 241
GAS C02/N2 C f t ? / W? C02/N?
T E M P ER A TU R E ( K ) 793 293 293
TOT. PRESS . (ATM) 6 . 0 7. ' ft 8 .0
COMpOSN( C02) 1 . 000 1 . Oftft 1 .000
PATH LENGTH(CM) 9'. 32 ' 9'. 3? 9'. 32
8 A N ft ABSCE (MU ) 0 . 0 2 5 ? 0 . 0 2 8 ? 0 . 0328
BAND ABSCE<CM-1) 64 71 83
BAND E M I S S I V I T Y 0 , 0 0 0 0 0/00 Oft 0 . 0000
WAVE(MU) WAVE( CM-1)
LENGTH NUMBER
1 . 875  / 5333 o . o o o 0.000 0 . 000
1. 900  / 5263 0 . 013 0 . 0 1 ? ’ 0 . 022
1 . 925  / 5195 0,091 0.094- 0.119=
1. 950  / 5128 0 . 1 3 7 0.15ft 0 ,1 78
1 . 975  / 5063 0 . 2 5 ? 0 .2 7? . 0 .311
2 . 000  / 5000 - 0 .2 62 0.  292- 0 . 322
2 . 025  / 49*3 8 - 0 .1 4 6 0,157 ' 0 ,181
2 . 050  / 4878 0 , 0 8 4  .. ... 0 . 103 0.121
2 . 075  / 4819' 0 . 0 2 5 0 .025- 0 , 0 3 8
2 , 100  / 4762 0 . 0 00 0. 002: 0 .0 14
2 . 125  / 4706 0 , 0 0 0 6 . 0 0 ft- 0 , 0 04
2 .1 50  / 4651 - 0 , 0 00 .. _ 0 .000 0 , 0 0 0
RUN-. NUMBER_____________244.  .247'   _250
GAS: " ..... C 02/N2- - - - C02 / N ?: C02/N2
TEMPERATURE ( K). .   293 ___  29 T  293
TOT'.PRESS. <ATM) "^62 1 0 * :.! ft 4.0
. COMpOSN (CQ2)  0. 260__0*260. 0.260
PATH LENGTH*CM* >=:9Q32‘— Y . :-:9<,32
BANft. abscei i l w r j l s S l S S o S i ' f i r t o T t f d *¥ 
. , BAND ABSCE <CMM ) r  ...1 4 - , . 1 . 6
band EMISSIVITY . 0, 0 000. __ ;; 610 ft ft ft /  0.0000
WAVE <MU). WAVECCMH )
LENGTH /  ' -NUMBER Y * • ' ’ - 1.
. 1,8?5 / .5333 0, 004 _ 0 . 007’ 0,002
* 1 9 0 0 ; * l / 5 2 6 3  -ll^^0lOO3.n-lO10O9« >0.005
.1 . 925 / 51 9 5 .......... 0, 009.:._ ...ft , 024-.......... 0.022
1.950 / 5128 .0.018 Vx0 .ft2 |V -‘ 61031
1 .975 / 5063 .. .. . _ 0.028 _..0vfi4B......0 , 0 0 1
2 , 000 / 5000 - : >0 .031 r l{K 64fQ 1>0  . 066
. 2. 025 / ...  4938_____0.013_____0.027’___ 0.034
2,050 / 4878 . 0,002 >0.01 f  1 0 * 0 1 6
2. 075 481 9:_____ 0. 002_____ 0.009’ _ 0.005
2 , 1 0 0  / 4762. n ino iooo /^cnowooi ;  L 01005
.2,125 / ...4 FJO 6______0 ^  J) 0 0____0 ,0 0 0 -___0.000.
2. 1  50 - /^ 4 6 5 il^ ^ O 1 0 b O ii^ ^ l6 0 ft^ * 0 iO O O
RUN NUMBER 22 4 227 230 253
GAS C02/N? C 0 ? / M 9 CO?/ N 2 CO?/ N2
TEMPFRATURF(V) 2 93 99-1 293 293
TOT.PRESS.(ATM) 2 . 0 3 . ft 4.0 5.0
COMPOSN(CO?) 1 . 0 0 0 1 . 000 1 , 000 1 . 000
PATH LENGTH(CM) 9'. 3? 9*. X? 9.32 9.32
BAND ABSCE(MU) 0.1291 o; 14 3 9' 0. 1 499- 0.1569
BAND ABSCE(Cm- I ) 1 75 1 9-4. 203 211
RAND EMISSIVITY 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0
WAVE (MU) WAVE(CM*1 )
LENGTH NUMBER
2 . 550 / 3972 0 . 0 0 0 0 . 000 0 . 0 0 0 0 . 000
2,575 / 3883 0 , 0 0 0 0.005 0 . 0 0 0 0 . 0 0 0
2.600 / 3846 0 . 0 0 0 0 . ft 1 2 0 . 0 0 0 0 , 001
2,625 / 3810 0.124 0.15 6- 0.146 0.1 64
2.650 / 3774 0.625 0 . 656. 0.673 0 . 6 8 6
2, 675 „ / _ 3738 >....0.917 0.94 3 0.964 0.9732.700 / 3704 0.704 0, 794- 0.851 0,8922.725 / 3670 :0.764 0,636. 0,881 ' 0 ,912
2. 750 / 36-36 0.935 0.965' 0.9-84 0.994
2.775 / 3604 ' 0,704 0.604 0,864 0.90 3
2.800 / 3571 0,308 0.401 0,465 0.513
2.825 / 3540 ' 0.068 0.114- 0.137 0,173
2.850 / 3509 0.018 0.032 0,033 0.034
2,875 7 3478 O.OO'O 0. 005- 0 , 0 0 1 0,0162.900 / 3448 0 . 004 0,015 0 . 000 0 . 0 0 0
2.925 / >3419 0 , 0 0 0 0.015- 0 . 0 0 0 .0 .006
2.950 / 3390 0 . 0 0 0 .. 0 . 0 0 0 0 , 000 0 , 0 0 0
RU v T O b I O / I T T  t ; > " > > ? 3 6 r T > 2 4 2 . ; .
GAS C02 AN2 C 0 2 / N t ' C02/N2
TEMPERATURE(K> 293 191 29-3
TOT.PRESS.(ATM) 6 , 0 7.0- 8 . 0
C OMPO.SN/(0;02):>>>3» > i  > 0 0 0 :>i>1 VOOO. 1 , 0 0 0
PATH LENGTH(CM) 9; 32 9*; St; 9.32
BANO ABSCE(MU) ^ 0.1616 0.168ft 0.1720
® * M :  A .? s c  E(CMf 1 )> - - T r:,2_1,8, c -226. 232
M W : i * . i s s i V : m T '-.'0/  0 0 0 0 -“ OvOOOft: o . o o o o
WAVf<MU)>' W’Af Ft C M *T) ‘ ••->? 
LENGTH NUMBER
2.550 A / A -592 2> > l/M/OOOT" >0 ; 0 0 0 ■ 0 . 0 0 0
2.575 / 3883 " 0 , 0 0 0 0 . 0 0  ft 0 . 0 1 0
2,600 j : 3846 " ,0,006 . 0 . 0 2 1 0.026
2.625 / 3810 0,175 0 . tos 0, 239-
2,650 A t > 3774 ? : ” ":0,696 _ 0. 71 Al 0,7322.675 t 3738 0.978 0,991- 0,991
2, 700 'A t  A- 3704- - '0,9 20 .... 0.949' 0.961
2.725 t 3670 0.934 ft. 959' 0.972
2.750 > 7 > 3636 ^6 ,995 > ftoor 0,999'
2.775 / 3604 0,933 _ 0 . 949t 0,965
2 . BOO / 3571 “ > 0,564 0.616, 0.647
2,825 / 3540 0 . 2 1 2 0 . 1 4 ft1 0.255
2,850 t 35091 0.049' 0. 052: 0,072:2.B75 t 3478 0 , 0 0 0 0.617' 0.007
2,900 t 3448 0 . 0 0 0  > TO,001 0.003
2.925 t 3419- 0 . 0 0 0 “ 0 , OOftf 0 . 0 0 0
2.950 t 3390 " 0 . 0 0 0  ~ PVooft- 0 . 0 0 0
RUN NUMBER 2 4 5 148 251
GAS C 0 2 / N 2 C 0 2 / N 7 C02/N?
TEMPERATURE ( * > 293 294 293
TOT.PRESS . (ATM) 2 . 0- S. ft A.O
COMpOSN(CO?) 0.260 ft. 26ft 0, 260
PATH LENGTH(CM) 9,3? 91 3 2 9'. 3?
BAND ABSCE(MU) 0. 0884 0.1561 0.1179'
BAND ABSCE(Cm~1 ) 1 20 144 160
BAND EMISSIVITY 0 . oooo 0 . OftOft 0.0000
WAVE(MU) waveccm*. 1 )
length NUMBER
?. 60 0 / 3846 0.000 ft . ft 0 ft : 0.000
2.625 / 3810 0, 073 ft. 094. 0, 099'
2.650 / 3774 0. 489' 0. 557 0.590
2.675 / 3738 0. 722 ft. 831 0,886
2. 700 / 3704 0. 458 0.569' 0, 639'
2.725 / 3670 3 .. 0.50? 0,618- 0, 689'
2.750 / 3636 0.661 ft. 805: 0.881
2,775 / 3604 0.411 0. 539' 0. 622
2.800 / 3571 0, 146 ft, 181 = 0.220
2.825 t 3540 0.021 0,034- 0. 054
2.850 / 55 09 0,020 ft. 001 0.020
2.875 / 3478 0, 016 0 . 000: 0.011
2.900 / 3448 0,021 0,009' 0,000
2.925 / 3419 0, 008 ...... 0.605* 0,000
2.950 / 3390 0,000 . 0 . ftOO- 0,000
........... .
. - a a y .y y y y y .
RUN NUMBER ... 255 " “ 257 '
GAS ~r .1 Eco2yN23 l C 0 2 / N 2 y y C02/N2-YYC 02/N 2;
TEMPERATURE(K) 500 500 500 500
TOT-.PRESS K A T M T H yzyy^y 0-
COMPOSN (C02) .......... 1 .000 1 .000 " T ioor ^TTooX "
PAT H . YE N G TM fflSC m m m r
BAND ABSCE (MU) 0 . 0 1 4 9 7 1 0 1016 5 IT 016196 lO 10 3 0 6 /
BAND ABSCE( CM-1) 37 41 51 77
BAND EMISSIVITY "o.oooo ’ O.oooo r 0.0000 616061 "
WAVE (MU') WAVE <CM- 1 )
-c. y y y y  -
LENGTH n umber:.-/ i . -r/1_m m ' ■ ~-~-T y
1.875 / 5333 0.000 " 6.000 O.OOO 0. 0 0 6
1. 900 / 5263 - ": 0 1 0 0 8 /B liO l 0 2 4 1 1 >301615 1 * 0 1 0 4 9 -
1.925 / 5195 0 . 048 0. 050 0. 077 0 . 0 77
1 . 950 ; : / / 5128 ‘ T "01 0 8 1 3m mvoBsw- 101079 M  1 1 4 7 3 .
1. 975 / 5 06 3 0 . 153 0. 158 0. 184 0 . 2 4 4
2 . 000 / ~: 5 o:o o i / : y  011 60 3 * 0  .'1:7435"3 0121 O ;3yyO l2601;l
2 . 025 / 4938 0 . 080 0. 093 0 . 123 0.181
2. 050 / " 4 8 7 8 /1 1 - >0. 046 : 0 . 054':: :.y 01 049 3-331011073;.
2. 075 / 4819 0 . 006 0 . 013 0. 025 0 . 0 6 8
2. 100 / 4762 7 0 . 009 33 0 . 000  - 101020;M 0 1 03 8 1 :
2. 125 / 4706 0 . 000 0 . 000 0. 022 0 . 046
2. 150 / 4651- . : 0 . 000 : o.ooo: 3 ,"0,000 olooo
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RUN NUMBFR 261 263 265 267
BAS C02/N? C02/N2 C02/N? C02/N2
TEMPERATURF(K) 500 5 0 0 500 500
IOT.PRFSS. (ATM) 5.0 6 . 0 7 . 0 8. 0
COMPOSN(CO?) 0. 190 0 . 190 0 . 190 0.190
. . . . . PATH 1. FNGTH(CM) 9. 3? 9 . 32 9 . 3? 9.  32
BAND ABSCE(MU) 0. 0030 0.  0043 0 . 0035 0. 0067
BAND ABSCE(CM-I ) 8 11 10 17
V-.lr - BAND EMISSIVITY 0. 0000 0 . 0000 0 . 0000 0. 0000
- HAVE(MU) WAVE(CM- 1 )
IENGTH NUMBER
V. v-.T'* * 1 . 875  / 5333 0. 000 0 . 000 0 . 000 0. 000
1 . 900  / 5263 0.000 0. 004 0.  000 0.011
5/ r—.. ■ • . ‘ 1 . 925  / 5195 0.001 0. 014 0. 015 0. 003
1 . 950  / 5128 0.01? 0 . 035 0 . 000 0. 037
... 1 . 975  / 5063 0. 035 0.041 0. 044 0. 065
2 . 000  / 5000 0. 047 0 . 0  29 0 . 0 5 7 0. 062
S,z\ ’ 2. 025  / 4938 0. 026 0 . 030 0 . 0 1 8 0. 052
2 . 050  / 4878 0. 000 0 . 017 0 . 000 0 . 018
fixf"vC>:; u 2 . 075  / 4819 ~ 0. 000 0 . 002 0 . 000 . 0 . 000
2. 100  / 4762 0. 000 0 . 000 0 . 000 0. 008
2. 125  / 4706 0. 000 0 . 000 0 . 020 . 7 6 M i i
2 . 150  / 4651 0.000 0. 000 0 . 000 0.  000
—--rzz— - v.... ~
RUN NUMBER™ 269 271 273 275"
Tr- TTTv ' 7 ~ „ • 0 A S _r 5 1 i T - C02/N2 1C02/N2 5 ; C02 / N2 1 1 C 0 2 /N 2
TEMPE RA TURF( K) 500 500 500 500
.i - . * * TOT.PRESS ./(ATM)?:w / M 5 1 0 115H 6/01 F z y m m r 11 11 = 8  /0
COMPOSN( C02) 0. 610 0 . 6 1 0 ' 0 . 610 67610■ .. 
i1
IQ! 
!
Il 
j
SI. i PATH . ie n g t M cM ):/,! ' 9 . 32 1 11 '19/3 21 l 'T M / 3 2Hr y y .  .1.’ r - ‘ -1 1 BAND A B S‘C EtMtfJ o / o i l  i 7TO W 1 24 51^0/5oT45
. . . BAND ABSCE(CM- 1 ) ' • ' 28 32 37
--r W.vg :V Jtr.v-f “
_ ... _ _ BAND EM I SSI VI T yT r 0 .0000 0 . OOOO 0. 0000 0.0000
arps .rrs-irs* vi r '
WAVE(MU) WAVE( CM-1)
..11 ..5 - -
HillT'.fz1- LENGTH NUMBER 5 . ‘ 1 - % . . 5 1 5 7 1 1
1 .875 / 5333 0. 000 oTo bo " ' o/ooo 0r - - 0
» _T* * 1 . 900 / “5263 5 " : 0 . 000 150.01151 B lO /0 2 2 :i7i;0i5D55;r:
* ’/ 1 . 925 / 5195 0. 035 0. 035 0 . 066 0. 065
11 .9 50 7 5128 1 ” 0 . 064 10 .0 6  5 51 /505057; = 1^0 /091
1 . 975 / 5063 0. 115 0 . 129 0 . 1 38 0. 194T  • 2 . 000 / 5000 -5 0 . 132 0 . 133 V 0 . 175 6 / i  85
2 . 025 / 4938 0. 064 0 . 072 0 . 086 0. 140
/I//-/.' • 2 . 050 7  5 48781 7 : 0 . 027 5 0.031 r 0 . 0 23 0/071
2 . 075 / 4819 0. 005 0 . 017 0 . 005 0. 026
. ■ ■ ■ ■ • 2 . 100 71 4 7 6 2 S 7 1 50.001 0 . 004 1 0 . 006 7 0  M l  9
2 . 125 / 4706 0 . 000 0 . 003 0 . 010 0 . 024
2 . 150 7 1 1*6  5 1 1 105000 T T ib y o o o iT l O /0 0  0 K ib lb b b
•tr- v*** • - " ' .
> 5 1 - - - = - . vis •* • - 1. 1117
Ml
ji_
_ji
.,,:
. 
... nti
iii 
• lii
ilil 
liliii
i - 
llnii
j 
jii.ii
l 
..llii
iij 
lillli
l 
iuoi
l 
liiili
l 
jiiiii
i 
liii',
l 
ijjiif
i,;
RUN NUMRF R 277 27 9 281 283
GAS C02/N2 C02/N? C02/N? C02/N2
T FMPFR ATI) RF ( K ) 700 700 700 700
TOT. PRFSS .(ATM) 5 . 0 6 . 0 7 . 0 7 . 7
COMPOS M (C0?) 1 .000 ' 1 . 000 1 .000 1 .000
PATH I FNGTH(CM) 9 . 3? 9 . 3? 9. 3? 9 . 32
RAND ABSC F (MU) 0 . 014? 0.0141 0. 0200 0. 0249
BAND Aesc E(CM-1 ) 35 ’ 34 51 65
BAND F.MIS SIVITY 0. 0004 0. 0004 0. 0006 0 . 0007
WAVE(MU) WAVE. (CM-1 )
LENGTH NUMBER
1 .800 / 5556 0 . 000 0. 000 0. 000 0. 000
1 .825 / 5479 0 . 0 0 0 0. 000 0. 000 0.0-51
1 .850 / 5405 0 . 000 0. 010 0. 000 0.069
1 .875 / 5333 0 . 006 0. 000 0. 036 0. 030
1 .900 / 5263 0 . 016 . . 0 . 000 0. 025 7  0 . 025  '
1 .925 / 5195 0. 049 0. 046 0. 039 0 . 083
1.950 / 5128 0 . 0 52 0. 054 0/059 /-•:/ . 0 . 09  3
1 . 975, / 5063 0 . 093 0. 094 0. 120 0. 149
2.000 / 5000 0 . 129 0. 126 0. 205 7 7 0 . 1 7 3  ~
2.025 / 4938 0 . 089 0. 110 0.111 0. 180
2.050 / 4878 0 . 0 58 0. 050 0. 110 0 /1 0 6 7 7
2.075 / 4819 0. 044 0 . 0 44 0. 045 0. 0002.100 / 4762 7 0 . 025 0 . 002 0. 023 0. 044 1 7
2 .125 / 4706 0 . 006 0 . 007 0.039 0. 000
2. 150 / 4651 £ 0 . 0 0 0 0. 000 0. 000 0 . 0 0 0 / 7 /
RUN NUMBElr ™  ■ ■ ^ Y S 5 r " " 2 9 1 " '
G AS - j V: /  1: . . - IC02/N2 : C02/N2 C02/N2 7 zvC0?/N2
TEMPER,ATUR E ( K ) 700 700 ■ 700 700
TOT/PR ess:/ (ATM)  / / 7 7 / 0 5 / 0 / 7 0 7 0 ::7 : 7 a 3 : ' 7 7 ; :
COMPOSlN ( C 0 2 ) 0 . 61 0 ‘ 0 . 616 0. 610 0 . 610
PATH; L€N6 T /T 9 ..-3 2 T -" 7 /9 /5 5  2:> : . /  '9 /3 F > 7 / . .
BAND- ABSC.E <MU O > .0 1 2 3 . , 0 . 0103 7 , 0 . 0139 , .  0 . .0 0 9 A O O
BAND ABSCE(CM-1 ) 30 26 35 22
BAND EMIS SIVITY 0 . 0004 o;boo4 0. 0003
WAVE(MU) WAVE ( CM--1 )
T.--=r
LENGTH ”, ""NUMBER " -:>/J---3- 7 _
1 .850 / 5405 0.  000 0 .017 0 .000“ 0 . 000
1,  875 _ / 5333 0 . 0 2 7 , . - 0 . 000 7 0 / 0 3 3 /  0 . 0 2 4  7 1 ,  -
1 .900" j 5263 0 . 019 0. 000 0 . 024 0 . 000
1 .925 / 519 5 ~ 0 . 0 5 2 ~ 7 0 . 0 2 6  ~ 0 /0 00 /  0 / 0 2 * 0 7 /
1 .950 / 5128 0 . 043 0 . 052 0 . 047 0 . 015
1 . 975 1~f -5063... . 7 0 .0 7 6 : 0 0 / 0 7 1  7 0 /1 0 5 :7 7 Z 0 /0 5 3 1 7 O :.
2 . 000 / 5000 0 . 106 0 . 103 0.141 0 . 075
2. 025 ; 7 : 4938 0 . 0 7 0 O W / 0 9 O O 7  0 /081 T O -o : /r i 3 -7 7 1  -
2. 050 / 4878 0 . 033 0 . 033 0. 068 0.031
2. 075 •4819 > . 0 . 0 2 7 0 / 020 0 / 033 7  0 . 000  > 7
2. 100 / 4762 0 . 014 0 . 000 0 . 017 0 . 013
2. 125 / 4706 0.010 0 . 005  : 0 /0 1 7 -  0 . 000  7 '
2. 150 / 4651 0 . 000 0 . 000 0. 000 0 . 000
223
RUN NUMRFR 293 295 297 299
GAS C02/N? C02/N2 C02/N? C02/N2
1FMPF RATURF< K ) 700 700 700 ,700
TOT. PRF SS . (ATM) 5. 0 6 . 0 7 . 0 7 . 3
COMPOSN(C02) 0 . 190 0. 190  • 0 . 190 0 . 190
PATH LENGTH(CM) 9 . 3? 9 . 3 2 9 . 3? 9 . 3 2
BAND ABSCE(MU) 0. 006? 0. 0029 0 . 0060 0. 0064
RAND ABSCEtCM-1) 15 7 17 . 17
BAND EMISSIVITY 0. 0002 0.0001 0.0002 0 . 0002
WAVE(MU) WAVE(CM-1)
LENGTH NUMBER
1 .800 / 5556 0. 000 0. 000 0. 000 0 . 0 0 0
1 .825 / 54 7V 0.010 0. 000 0.000 0 . 035
1 .850 / 5405 0 . 000 0. 002 0 . 000 0 . 0 6  2
1 .875 / 5333 0 . 018 0. 000 0 . 013 0 . 023
1. 900 / 526 3 0 . 026 OiOOO 0. 012 , 0 . 0 0 0
1. 925 / 5195 0 . 0  39 0. 014 0. 005 0 . 032
1 .950 / 5128'  . 0 . 017 0. 000 - 0 . 023 0 . 003
1 .975 / 5063 0 . 019 0. 020 0. 016 0 . 000
2.000 / 5000 0 . 036 0 . 037 0 . 053 o . o o o2. 025 / 4938 0 . 030 0.029 0. 015 0 . 0 40
2.050 / 4878 0 . 022 - ' 0 . 0 0 6  : 0.071 0 . 012
2.075 / 4819 0 . 012 0. 000 0. 012 0 . 0 08
2.100 / 4762 0 . 000 1.-3 0. 000  ; 0. 032 0.031
2.125 / 4706 0 . 008 0.000 0. 025 0 . 000
2. 150 / 4651 , 3 0 . 000 1 0 . 000 y  0. 000 ,0.  000
. v .i> y  1 --.. ,r.- _ni
RUN NUMBER " "  ............" 301 ' ~  30 5 ” * **“ ' 3 0 5 '
jG jV S i ; : / n 3* 1 / 'y  3 'Y Y J C lg ? HZ'-MC0 2 / N ' ? C o 2  / N V  
' T E V l p l ' R p U R E ( x ' )  -  • 291   291 *............ 291
"COMPOSNCCO?)  ' 6 . 1  9 ' 6" "  031*90..... .....0 11 9 0
f f f t -T HY UE NS T  ,3 3 - ? ' ,  3 ?  3
V B A N 0  A8 SC' E< y i n i y 0 1 0 0 6 9. l 3. r0' ; iO0.59» . 0 1 0 0 7 0  
BAND 'AB S C E ( C M*" 1 )........... ........1 8  ~  15 18
B A HD E M f f S l V l f Y ^  3 0 0 0 *  o V T O f t T  ' 0 7 0 0 0 0
WA V E * MU )  WAV€  ( CM** 1 )
H w r n m m tm
.' 1 . 800 /  5556 0. 000 0.  000- 0,  000
m m M WSZ 5 ® i 5 F  9*Y||Y101fl 9 O S p lY O  0 ft i ; T o 10 0 5
1. 85o t 354o5 ' 6 l66o  6 . 6 6 6 ”"' ’ 61 0 0 9 1
p i t i * 8 ? 5 n l M 5 " 3  3 1 * 1 ) 1 6 0 0  '.3~ T0 . 0 0 3
y__1,266__ i ___5 2 * 3 _______6 . 01 6;____ft". 662 :.......  0 . 0 0 3
5 1 : 9 , $ yy-..yy0:« 0?9; ?=-$-■;fi•; 614- 0.628
1, 950 /  5128 0 . 044  ~ 6 . 0 3 0 0 . 0 3 9 '
^ p |^ :7 -5  i§ £  ^ $ 5 ? 7-4. 0 Y07?Y
- 2.000 I  5000 ' 6 . 060 03 067: 0 . 065
m m m U Mt r n mt J s B n m m z t F
2. 050  /  4878__ _ 0 , 0 1 4  6.019'  6 . 626
g M Y o r  p f m m §  00 7 1 * 0 1 0 6 '* 3 0 1 o o 6 3
2 , 100 / ___4762   6^610  nlnnn._ 0 , 0 1 5
b ft lY n O  0 6 -
2. 150 / 4651 0 . 000 0 . 0 0 0  0 . 600
G_______S P EC T R A L ABSORPT! V I TJ  FS
307 ' 309' 31V
C027N? COp/N? C02 / N2:
2 91 291 29 V
T~  ” 5 . 0  7 610= ' 6-.7'
0 , 610 0.610 0.610-
3 3 9 1 2 - - - 9'v32,;.. •" 9.32:
0,01 89: 0.0211 ft-, 01 9*6-
47 53 49*
'" 6 I 6 0 0O 0.0000 ft. 0000
.... ..
0 . 0 00 03 0 00 0.000
303 000 01000 : o . o o o -
0,001 o, 006" 0.000
.0,002 0 . 000 -.;' 0.000
0.021 0,017 0.01 T
6.082  • 03 0 7 8 * 3 -30.074-
0 . 11)8 0.111 0.102
> 3 0 1 2 0 9 * : -0 1 2 3 2 * 3 0.  229*
0.1 75 0 ,1 9 '6 3 0.193.
3-10-1688...3 ■ : 01104“ 3 0 . 082;
6 . 0 40 0 . 064 0.06 V
.J 3:0.3011 1: 0. 025 0.014-
0 . 005 V.000 0. 003.
-3 3 0 .0 0 0  3; 0 . 0 01 0. 000'
0 , 0 00 O'. 0 0 0 0. 000*
RUN NUMBER 2 5 4
GAS C 0 2 /  N 2
TEMPERATURE(K) 500
TOT. PRESS. (ATM) 5 . 0
COMPOSN( CO?) 1 . 000
PATH IFNGTH(CM) 9 . 3?
BAND ABSCE(MU) ' 0 . 1854
BAND ABSCE(CM-1) 249
BAND EMISSIVITY 0.0034
WAVE(MU) WAVE( C M - 1 )
LENGTH NUMBFR
2.475 / 4040 0 . 000
2.500 / 4000 0 . 000
2.525 / 3960 0. 004
2. 550 / 3922 0 . 023
2.575 / 3883 0 . 020
2.600 / 3846 0 . 050
2.625 / 3810 0 . 284
2. 650 / 3774 0.821
2. 675 / 3738 0 .993
2. 700 / 3704 0 . 9 67
2.725 / 3670 0 . 980
2.750 / 3636 0 . 994
2.775 / 3604 0 . 980
2. 800 / 3571 0 . 766
2. 825 / 3540 0 . 374
2.850 / 3509 0 . 104
2.875 / 3478 0 . 025
2. 900 / 3448 0 . 000
2.925 / 3419 0.011
RUN NUMBER 2 6 2
GAS C 0 2 / N 2
T E M P E R A T U R E ( K )  _ 5 0 0
T O T . P R E S S . ( A T M )  . »  1 5 . 0  
C O MP O S N ( C 0 2 )  0 . 1 9 0
PATH L E N G T H ( C M)  9 . 3 2
BAND A B S C E ( MU) 0 . 1 2 7 6
BAND A B S C E ( C M - 1 ) 1 7 3
BAND E M I S S I V I T Y  0 . 0 0 2 3
WAVE ( MU) ~~ W A V E ( C M - 1 )
L E N G TH/ Z Tr NUMB- ER l / 7 / / r 7 £ i
2 . 450 / 4082 0 . 0 0 0
2 . 475 7 , 4 0 4 0 1 / 7 7 # / 0 0 0 >
2 . 500 / 4000 0 . 0 0 4
2 . 525 / 3960 7 " 0 . 0 2 2
2 . 550 / 3922 0 . 0 4 2
2 . 575 / . 3883 0 . 0 3 2
2 .6 00 / 3846 0.031
2 . 625 7 381 0 0 . 2 0 6
2 .6 50 / 3774 0 . 6 9 0
2 .675 > 3738 > 70 ,834 . .
2 . 7 00 / 370 4 0 . 6 3 8
2 . 7251 / / 11*67.0 7 7 770.681.
2 .7 50 / 3636 0 . 7 6 8
2 . 775 / 3604 0 . 61  8
2 . 800 / 3571 0 . 3 2 7
2 . 825 / 3540 . 0 . 1 0 5
2 . 850 / 3509 0 . 0 5 9
2 .8 75 / 3478 .0.026
2 . 900 / 3448 0 . 0 0 0
2 .9 25 / 3419 0 . 0 2 4
2 .9 50 / 3390 0 . 0 0 0
256 258 260
C02/N2 C02/N2 C02/N2
500 500 500
6 . 0 7 . 0 8 . 0
1 .000 1 .000 1 .000
9 . 32 9. 3? 9. 3?
0. 1879 0. 1958 0.1984
252 262 266
0.0035 0. 0036 0.0037
0 . 000 0 . 004 0 . 000
0 . 000 0 . 0 25 0 .0 00
0 . 000 0.  003 0 . 029
0 . 020 0 . 020 0.031
0 . 000 0 . 005 0 . 0 27
0 . 015 0.041 0 . 052
0.  288 0 . 3 1 4 0 . 3 28
0 . 822 0.841 0 . 847
0 .9 95 1 .000 1 .000
0 . 9 83 0.991 0 . 995
0.991 - 0 . 995 0 . 997
1 .000 1 . 000 1 .000
0 .9 89 0 . 995 0 . 992
0 . 8 24 0.  875 0 . 896
0 .4 22 0 . 4 8 ? 0 . 518
0 . 119 0 . 1 43 0 . 170
0 . 022 0 . 029 0 . 020
0 . 0 0 0 0.011 0 . 006
0 . 0 00 0.  030 0 . 000
264 266 268
C02/N2 C02/N2 1 =C02/N2 .
500 500 500
6 .0 7 / 0  “ '  8 . 0 '  /
0 . 190 0 . 1 9 0 0 .190
9 . 3 2 7 / ;:9 / 3 2 / / ; 7 > 9 /3 2 > T v -'
0 .1 36 4 = 0 . 1 4 3 3  y : 0 / 1 4 7 6 / 7
185 19 4 201
0 . 00 2 4/ 0 . 0 0 2 6 0 . 00 27
o/obo o/ooo 0 . 000
7 0 /0 1 9 :7 7 7 0 7 0 0 0 /7 1 7 0  /o.o o : i i /
0 . 0 1 8 0 . 0 2 3 0 .0 04
0 . 0 3 2 >  > 0jD 03 >1 7 0 /0 0  W 7
0 . 0 22 0 . 0 2 6 0 .0 25
0 . 0 22 - :0 .;007 .-O/0OOJ11 .
0 . 0 24 0 . 0 1 3 0 . 0 00
0 . 2 05 .. 0 .193 / > -/0vV78 .7 /
0 . 719 0 . 7 2 7 0 . 7 4 8
0 . 8 90 7 .7 0 /9 2 8 /7 / :/0v964:>=
0 . 7 02 0 . 7 60 0 . 8 04
I 0 /746 :T:70i797: ,7 > 0:022
0 . 8 3 8 0 . 8 7 8 0 . 9 23
0.681 J 1 7 0 . / 4 3  T 0/797
0 . 3 83 0 . 4 1 7 0.491
0 . 1 3 3 0 . 139 0 . 1 5 4
0.021 0 .0 23 0 . 0 15
. 0 . 0 0 0 ..:,_0/021 ....... . 0 . 0 0 0
0 . 0 0 0 0 . 0 1 7 0 . 0 15
0 . 0 0 0 _ 0 . 0 2 7 0 . 0 00
0 . 0 0 0 0 . 0 00 0 . 0 0 0
RUN NUMBER 270 272 274 27 6
GAS C02/N? C02/N2 C02/N2 C02/N?
TEMPERATURE <K> 500 500 500 500
TOT. PRFSS. ( ATM) 5 . 0 6 . 0 7 . 0 8 . 0
COMPOSN( CO?) 0. 610 0.610 0 . 610 0. 610
PATH LFNGTH(CM) 9 . 3? 9 . 32 9 . 32 9 . 32
BAND ABSCE(MU) 0.1791 0.1815 0.1831 0. 1854
BAND ABSCE(CM-I ) 24? 245 247 251
BAND EMISSIVITY 0 . 0033
WAVE(MU) WAVE(CM- 1)
IENGTH NUMBER
2.450 / 4082 0. 000
2. 475 / 4040 0 . 000
2.500 / 4000 0 . 006
2.525 / 3960 0.011
2.550 / 3922 0.  030
2.575 / 3883 0 . 038
2.600 / 3846 0. 036
2.625 / 3810 0. 280
2.650 / 3774 0 . 813
2.675 / 3738 0.991
2.700 / 3704 0.931
2.725 / 3670 0.961
2.750 / 3636 0. 996
2.775 / 3604 0 . 950
2.800 / 3571 0 . 688
2.825 / 3540 0. 306
2.850 / 3509 0 . 083
2. 875 / 3478 0. 032
2.900 / 3448 0. 008
2.925 / 3419 0. 009
RUN NUMBER 278
GAS C 0 2 / N 2
TEMPERATURE( K) 700
TOT.PRESS . (ATM) 5 . 0
COMPOSN(C02) 1 . 000
PATH LENGTH(CM) 1  %.9.32
BAND ABSCE(MU) 7 0 .2142
BAND ABSCE(CM-I ) 288
BAND EMISSIVITY 0. 0210
WAVE(MU) WAVE( CM- 1 >
LENGTH /NUMBER!/
2.450 I 4082 ~'o7obo
2.475 f 740407 -  71 0 7 0 1 6 1
2.500 / 4000 0. 030
2.525 7 i = 39 6 0 - r : 0 .024:
2.550 / 39 22 0; 043
2.575 / 3883 0. 045.
2.600 / 3846 0 . 067
2.625 7 / 381 07 "7 0.31 3
2. 650 / 3774 0 . 845
2.675 / 3738 1 .000
2.700 / 3704 0. 994
2. 725 / 73670 =0. 993
2.750 / 3636 0 . 998
2.775 7 3604 " i / 0 0 0
2. 800 / 3571 0. 949
2.825 / 3540 0 . 697
2. 850 / 3509 0 . 358
2. 875 1 1 ^ 7 8 7 - 7 / m / l l b -
2 . 900 > 3448 0 . 064
2. 9  25 / 3419 0 . 028
2. 950 / 3390 0 . 000
0. 0033 0. 0034 0. 0034
0.000 0.  000 0. 000
0.001 0 . 000 0. 000
0.008 0 . 000 0. 000
0.024 0 . 000 0. 000
0.025 0 . 000 0. 000
0. 013 0 . 000 0. 000
0. 015 0 . 000 0 . 036
0. 284 0.  264 0.  266
0.822 0 . 8 2 7 0. 835
0. 998 0 . 9 9 7 0 . 997
0.956 0. 974 0. 987
0. 968 0 . 984 0.981
0.996 0 . 9 9 7 0. 996
0. 973 0 . 985 0. 983
0.736 0 . 784 0. 836
0. 355 0 . 378 0. 428
0.079 0.  095 0. 109
0.011 0 . 033 0. 007
0. 000 0 , 004 0. 000
0. 000 0 . 012 0. 000
5 280 282 284
C02/N2 C02/N2 7 C02/N2
700 700 700
1 6 .0 ; i  7 /0 7 1 7 .7
1 .000 1 . 000 1 .000
9 , 32 /: 7 ? :. 327. T i l / 3 2
0. 214  2 7 0 . 2 2 0 2 0 . 224  7
287 294 300
0.0211 0 . 0217 0.0221
" H H i: - IT:1- vu 7.7 ™I T  I T T 7
0. 000 0 . 000 0. 000
i  M / o o 0 b / T T o 7 b i  v 
0 . 666  0 . 0 0 6  o .017
= 0 /0 0 0 , 176/041 3  lo M T o  
0. 032 0 . 0 5 5  „ 6 . 0 3 5
0 . 034 . : 0.  016 7  07013
0. 047  0 . 025  0.081
. J . 270 V  0 / 3 0 2 7 , , .  ~ 0 /3 1 9" 
0 . 834  0 .841 0 . 856
. 0 . 995 1 7 0 0 0 1  7 0 *9 9 7
0. 998 1 . 000  0 . 996
- -0 . .9 9 3.,;. 0 .^ 7 7 7 7 i6 v b 9 6
1 .000 JM >94 0 . 996
.. 0 . 9 9 7 -  _71 V’OO0 07990
0 . 968  0 . 984  0 . 974
_ 0 /7 8 2  /  1 0 . 8 2 2  7  0.851
7 0 . 4 1 4  _ 0 . 455  0 . 505
10715  67.. i . 0. 1 89 7  1 0 .2 0  8 
0 . 067  0 . 050  0 . 049
67015 0 . 03 3  0 . 074
0. 000 0 . 000  0 . 000
RUN NUMBER 28 6 288 290 292
GAS C02/N? C02/N2 C02/N? C02/N2
TEMPERATURF(K) 700 700 700 700
T 0 T . P R E S  S. (ATM) 5. 0 6 . 0 7 . 0 7.2
COMPOSN(C02) 0. 610 0. 610 0 . 610 0.610
PATH LENGTH(CM) 9. 3? 9 . 3 2 9 . 3? 9 . 32
BAND ABSCE(MU) 0.1981 0. 2080 0 . 2110 0.2069
BAND ABSCE(CM-I ) 267 279 28? 275
BAND EMISSIVITY 0. 0193 0. 0203 0 . 0208 0. 0204
WAVE(MU) WAVE(CM- 1)
LENGTH NUMBER
2. 450 / 4082 0. 000 0. 000 0.  000 0. 000
2. 475 / 4040 0. 000 0. 017 0 . 000 0.021
2. 500 / 4000 0.009 0. 012 0 . 000 0. 000
2.525 / 3960 0. 010 0. 013 0 . 000 0. 000
2. 550 / 3922 0.034 0. 020 0. 014 0. 000
2.575 / 3883 0.035 0. 059 0 . 000 0. 000
2. 600 / 3846 . 0 . 057 0 . 067 0 . 000 0. 006
2. 625 / 3810 0.291 0 . 288 0 . 258 0. 167
2. 650 / 3774 0. 834 0. 829 0 . 8 1 7 0. 684
2.675 / 3738 0.995 0 . 997 1 . 000 0. 993
2. 700 / 3704 0.97? 0 . 985 1 . 000 1. 000
2.725 / 3670 0. 968 0 . 984 1 . 000 1 .000
2. 750  / 3636 ' 0 . 9 8 7 0.991 1 . 000 0. 996
2. 775 / 3604 0. 978 0. 985 0 . 997 1 .000
2. 800 / 3571 0.860 0. 939 0 . 960 0 . 974
2.825 / 3540 0. 583 0 . 664 0 . 730 0. 798
2. 850 / 3509 0 . 2 6 0 / : 0 . 329 0 . 425 0.451
2.875 / 3478 0. 077 0. 116 0 . 166 0. 148
2. 900 / 3448 " 0 . 0 0 0 0/ 040 0 / 0  79>> -0/044
2.925 / 3419 0 . 0 0 0 0. 010 0 . 0 32 0. 002
2. 950 / 3390 0 , 0 0 0 " . 0 . 000  T 0.000  :: 0 . 000
RUN NUMBER 294 296 298 300
GAS C02/N2 C02/N2 : / C0 2 / N21 C02/N2
TEMPERATURE(K> 700 700 700 700TOT. PRESS , (ATM) /  / / '  5 . 0  - " 6 . 0  " " 7 / 0  / / A 2 :
COMPOSN( C02) 0. 190 0. 190 0 . 190 0. 190
PATH t ENGTH fCM)£- r" / / : - 9 / ;3 2 :> / / 9 3 2 / / T /? ; /3 2 :
BAND ABSCE( MU) >3:/O T IZ A I / / 0 . 1422 A 6 T i5 2 7  T ,0 .1  517
BAND ABSCE( CM- 1 ) 166 190 204 203
t - i : j  Azr 'AsZ -A A ;  ; / - / £ - - :— v .. ...
BAND EMISSIVITY 0. 0120 0. 0138 0. 0149 0.0149
length . T/-jjj u mjbe r .
2. 525 / 3960 ____ 0.003 0. 000 0.009 0.000
2.550 / . 3 3 9 2 2 ; : / . 0 , 0 1 0  T o /01  5 T  } 6 , bl571ToTOG0'
2-575 / 3 883. ,= 0.010 0. 025 0.000 0 . 000
2 . 6 00 / £38 A6JD 7 7 0  M3 4 A l M ) O/TTiSMoOl
2.625 . / „ 3810_____  0.185____ 0.187 _0.160 _ 0,106
2-650 : 3Z7A . 0 M35 _.-T0 / 6Z3 > 0 /69 3.S /Trt:fs;/r
2.675 /__3738  0.781 0.869 0.914 0.899
2.700 £./j,;37'0A_£7 ./  0.678;_ A W A lM A  /TO.813T /T 0 f 8 5 2: 
2.725 / .3670 0.601 0.697 0.760 _ 0.748
2.750 . / :. . 3 636 / 0  TTM/Z2 >795 >
2.775 / 3604 ______0.588 ___ 0 . 682____ 0 , 7 5 5  0 , 808
2 . 800 /.: 135Z1/ ££TTM/A38 / T O . 526 T 0 .  5 6 9 / 0 . 6 3 5
2.825 _ / _.3540______0.210 0.291 __ 0.358 0.369
2.850 •■../ . 3509/ . / / J . , . 0 $ 5  /„ 0M? 8  T T  0/1 52 7-T 0.1 $7
2. 875__ / 3478 ___ 0 .01 3______0.008 0.048 0.091
2 ;9 Q Q A M k T $ M 3 m A A :a ;;0 . 000  1 >TO/OA9» . > 0 £036 7 / 1/ 0 * 0 2 7  
2 . 925 / 3419 0.000 0.000 „ 0.000 0.050
2.950 . / . 3  39 0 ; : _ /  0 . 0 0  0 _  ^ -0 . 0 0  0I T TO * 000  0 . 0  00
227
RUN NUMBER 302 30 A
GAS C02/N2 C02/N2
T FMPE R A TURE(K) 291 291
TOT.PRESS. (ATM) 5 . 0 6 . 0
COMPOSN(CO?) 0 . 190 0 . 190
PATH LFNGTH(CM) 9. 3? 9 . 3 2
BAND ABSCE(MU) 0.1055 0. 1220
BAND ABSCE( CM-1) 143 166
BAND EMISSIVITY 0 . 0000 0 . 0000
W AV E  <MU) W A V E ( C M - 1 )
L E N G T H N U M B F R
2.575 / 3883 0 . 000 0 . 000
2.600 / 3846 0 . 000 0 . 000
2.625 / 3810 0 . 000 0 . 142
2.650 / 3774 0 . 640 0 . 708
2. 675 / 3738 0 . 883 0. 921
2.700 / 3704 0 . 488 0.601
2.725 / 3670 0 . 694 0 . 756
2. 750 / 3636 0.881 0 . 936
2.775 / 3604 0 . 522 0. 579
2. 800 / 3571 0 . 107 0 . 1 5 3
2.825 / 3540 0 . 000 0.021
2. 850 / 3509 0 . 000 0 . 022
2. 875 / 3478 0 . 000 0 . 013
2.900 / 3448 0. 000 0 . 003
2.925 / 3419 0 . 000 0.041
2.950 / 3390 0 . 000 0 . 000
306 308 310 31 2
C02/N? C02/N2 C02/N? C02/N?
291 291 291 291
6 . 7 5 . 0 6 . 0 6 . 7
0 .190 0 . 610 0 . 610 0 . 610
9.  32 9 . 3 2 9 . 32 9 . 32
0. 1188 0 . 1442 0.1601 0 . 1537
163 - 194 217 209
0.0000 0 . 0000 0 . 0000 0 . 0000
0. 000 0 . 0 0 0 0 . 000 0. 000
0.000 0 . 000 0. 008 0 . 000
0.125 0.061 0. 214 0 . 207
0. 707 0 . 746 0 . 803 0 . 813
0. 916 0.971 0. 989 0.98?
0.579 0 . 794 0. 87? 0 . 8 A 5
0. 777 0 . 909 0 . 942 0 . 937
0. 923 1 . 000 1 . 000 0 . 997
0.571 0 . 827 0.881 0.  881
0. 142 0 . 3 6 7 0 . 435 0. 390
0. 012 0 . 0 6 7 0. 119 0 . 112
0. 000 0 . 0 0 0 0 . 056 0 . 007
0 . 027 0 . 000 0 . 028 0.001
0. 000 0 . 000 0 . 018 0 . 000
0. 000 0 . 000 0, 049 0 . 000
0. 000 0 . 000 0 . 000 0 . 000
RUN NUM8 ER 313 314. 315
GAS C02/N2 C02/N2: 0O2/N2
T E M p E R A T U R E < K. > 291 . 29V 291
TOT.PRESS. (ATM) 2 , 0 3.0' 4.0
COMPOSN( C02) 0,410 0 , 6 1 0 . 0 . 6 1 0
PATH LENGTH(CM) 9.32 9,;3V 9'. 32
BAN0 ABSCE(MU) O'. 00 82 O C 011 2 : 0,0164
BAND AOSCE COMM ) ' .... ; ~ gj-,- • 27' 41
BAND EMISSIVITY* "0 ; 0 0 0 0 OvOOOOi 0 / 0 0 0 0
WAVKMU) WAVEUMM )
LENGTH NUMBER
1 , 8 0 0  / 5556 o.obo 0-. 000 0 , 0 0 0
1,825 / 5479* 0,005 0 . 000 0 , 0 0 1
1,850 / 5405: 0 , 0 0 0 0 , 0 0 0 0 , 0 1 2
1; 8?5s / 5333 0, 009' 0 0 0 0 i 0,016
1/900 / 5263 0.013 0 . 0 1 1 0 , 0 2 1
1M25 / 5195 0.026 O', 050' 0.062
1,9*0 I 5128 0 i 6 51 6 ., 057! 0.065
1,975 / 5063 0,586 6 -. 127s 0.170
2 . 0 0 0  / 5000 0 • 070 6,091 ’ 0,140
2,025 / 4938 0,040 0 , 050- 0*062
2,050 / 4878 0,014 0,027' 0,051
2.075 / 4819' 0*004 0.015* 0,014
2 , 1 0 0  r 4762 04 002 6 . 0 0 0 ' 0,013
2,125 / 4706 0 , 0 0 0 6 v. 6 o 6 0.016
2,150 t 4651 0 , 0 0 0 0 , 0 0 0 - 0 , 0 0 0
RUN NUMBER 35 3 354 355 3 56
GAS C02/N? C 0 2 / M 9 C02/N2 C02/N2
TEMPERATURE( K) 700 r no . 700 2 0 0
TOT,PRESS. (ATM) 2. 0 3.0 4.0 5.0
COMPOSN(CO?) 1 ,000 1. 000 1 .000 1. 000
PATH LENGTH(CM) 9', 3? 9*. 3» 9.32 9.32
BAND ABSCE(MU) 0.0051 0 .0104' 0. 0099* 0.0143
band ABSCE (Cm«1 ) 13 24- 25 36
BAND EMISSIVITY 0.0001 o; o o o 3 0.0003 0.0004
WAVE(MU) WAVE (Cm-1 )
LENGTH NUMBER
1 . boo / 5556 o.ooo 0.000 o.ooo 0 .000
1 .625 / 5479- 0,007 0 . 004. 0,000 0 . 000
1 .850 / 5405 0.000 0 , 006- 0.002 0,000
1 .875 / 5333 0,000 0.015 = 0.000 0,002
1 . 90 0 / 5263 0,001 0 . 007 = 0,000 0.004
1 .925 / 5195 0,019* 0 . 034. 0.031 0. 042
1 ,950 / 5128 0.018 0.044* 0.035 0. 048
1 .975 / 5063 0.041 0 , 075 0.084 0. 101
2. D0O / 5000 0. 0 63 0 . 0 9-7' 0,125 0.1 42
2.025 / 4-9*3 8 0.026 0 . 059I 0 . 060 0 .089
2.050 / 4B78 0,014 0. 031 0.0 46 0.067
2.075 / 4 819' 0, 0 1 2 0.026 0,019* 0.02-4
2. 1 00 / 4762 0.000 0 . 006- 0,000 0,029
2.125 / 4706 0.000 0 . 007* 0.000 0.026
2,150 / 4651 0,000 0.000 0,000 0,000
RUN- NUMBER 357 358 359* 360GAS; C02/N2 C0 2 /N2; C02/N2 C02/W2
TEMPERATURE(K> 700 von 700 700
TOT VP R E S S , (ATM) 2 . 0 s::»- 4.0 5.0
eoMposmo?) 0.620 0.620- 0.62O 0.620
PATH LENGTH <CM) 9*. 3? 9 31 9*. 32 9'. 32
BAND ABSCE(MU) 0 6 P 0 S 0 0.0054 0.0067 0.0107
BAND ABSCECCmm) 13 11 17 26
band EMISSIVITY 0 . 0 0 0 1 0 . 0 0 0 2 . 0 , 0 0 0 2 0.0003
WAVE(MU) WAVE (CM*-1 )
LENGTH NUMBER1 -
1 . 8 0 0  / 5556 0 , 0 0 0 O.OOO. O.OOO 0 . 0 0 0
1.825 / 5479* 0 , 0 1 0 0 . 009» 0.007 o . o o o
1.850 / 5405 0,017 .0 , 0 0 0 - 0 . 0 0 0 0.006
1.975 / 5333 0 , 0 1 2 f>. 000 0 , 0 0 0 0 , 0 1 1
1,900 / 5263 0, 009* 0 . 0 0 0 0 , 0 0 0 0 , 0 0 0
1.925 / 5195 0,018 0.014 0 . 0 2 1 0,034
1.950 / 5128 0.C18 0 . 0 2 0 0, 029* 0, 036
1.975 / 5063 0, 029* 0. 043* 0.051- 0, 074
2.900 / 5000 0,045 0.051 = 0.077 0,0922.925 / 4938 0.027 0.035 0.052 0.054
2,950 / 4878 0 , 006 0. 01 A, 0.017* 0, 049
2.975 / 4819' 0 , 0 0 0 0.014. 0,003 0.027
2 . 1 0 0  / 4762 0.007 0 . 0 0 0 - 0.008- 0 . 0 0 0
2.125 / 4706 0. 004- 0-. 000 0 , 0 0 0 0.031
2.150 t 4651 0 , 0 0 0 0 . 000 0 , 0 0 0 0 , 0 0 0
SPECTRAL AIS0RPT1VJT1ES
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BUM NUMB FR 361 I 6 P 363 364
GAS C02/N2 C02/N9' C02/N? C02/N2
TE MPE R A TUR E{K > 700 700 700 700
TOT.PRESS.(ATMS 2 , 0 sio 4.0 5.0
C OMpOS N( C02) 0,230 0,130. 0.230 0.230
PATH LENGTH(CM> 9', 31 Ks** 9«. 3 2 9,32
BAND ABSCE(MU) 0,0019' 0 . 0 0 2 1 : 0.0073 0.0051
BAND ARSCE ( C MM ) 5 6» 19- 12
band emissivity
WAVE(MU) HAVE(CM
length NUMBER
0 , 0 0 0 1  
- 1 )
o.ooni- 0 . 0 0 0 2 0 . 0 0 0 2
1.800 / 5556 0 , 0 0 0 0 ., 000 0 . 0 0 0 0 . 0 0 0
1,825 / 5479' 0 . 0 0 1 0.004 0,004 0 . 0 0 0
1.850 / 5405 0 , 0 0 0 0 , 0 0 0 . 0.007 0 . 0 0 0
1.875 /. 5335 ... 0 , 0 0 1 0 4 0 0 0 - 0 , 0 2 0 0.017
1.900 / 5263 0 . 0 0 2 0 '. 0 0 0 . 0,014 0 , 0 0 0v- './ 1.925 / 5195 0/007 6 , 007* 0,026 0. 009'
1.950 / 5128 0 i 0 1 ? 0 0  2 2 * 0,027 0,0271.975 / 5063 0,006 0 . 0 2 0 0,034: 0.032
2 , 0 0 0  / 5000 0.015 0.025 0.044 0,033
2.025 / 4938 0.007 0,510. 0.032 0,018
2,050 / 4878 0,013 5.001 0.044 0.030
2. 075 / 4819' 0 , 0 0 2 0 ', 008; 0,018 0,006
2,100 / 4762 0.004 0 .. 00 0 i 0,008 0 . 0 0 1Jjfe; . . 2.125 / 4706 0,009' 0 . 0001 0.014 0.025
2,150 / 4651 .0 , 0 0 0 0 . 0 0 0 i 0 . 0 0 0 0 . 0 0 0
+r> •;■ . .. * . ^ -v~- ~r,, v» ‘\T - % — * •* . . . 'V " ' -
/; ■ *. 3 / J/ 1; T RUN- NUMBER GAS:
365! 
C02/N2
36 6 1 - 
C02/N2;
* » # ? = . - . 1  TEMPERATURES*? : TOT’; PRESS. (ATM)
M ?:900 i
2 , 0£*? ’Hr
K i e y  - ■ - 
R I P Y  '
COMPOSN{CQ2) /  . 
PATH; LENGTH(CM)
BAND' A8SCE ( MU)  
r: BAND: ABSCECCMH >
. .. 0*230 
9; 32
0 , 0 0 2 1
- S:
0 /, 2 3 6 > 
f C S t i
0J0O33:
r~
/ K ;  i  . • v  i  t  y f r T 0?O0 O2r ....... / o / o o d i l " .  ................ ;
i f !
•r ^  '•
S k y ;
.*!-• r
/ 1 ,
:.nl: K W «
f t '
T?f
W A VI < MU 3 '3 1 A VI I-CM* 13 T i l
length NUMBER
1 / 800T 7 5556 ....04 000 Oi.fiOft’
1,825 / 5479 04019' 0v 52«-
1/850 / 1 * 4 0 5 1 : 0/004 0 / 6 l 6
1/875 / 5333 0 , 0 0 1 0.018/
"T .900 / 15263,.... 0/  506 0 % 061:
1 ,925 / 5195* 0.013' 0.501’
1/9*0 ;715128 0 , 0 0 0 ‘ 1 6 / 0 2 6 .
1.975 / 5063 0,008 0.004-
2 , 0 0 0  '7 15000 ‘ 0,003 •■...10/01 |!
2.025 / 49*8 0,013 5. Oil'
2.050 / 4878 ;; 0 / 0 0 2 :: Ko-.ooi!
2.075 / 48191 O/OOO 0.014,
T„ 2 , 1 0 0  T7^ ,j76?;._:IT o /o o o ; O', OOfti
2/1* $1/ 4706' 0 , 0 0 0 j>.6of
.1.2/150 T 46511 0 / 0 0 0 0 w 6 0 0 *
RUN NUMBER 367 34ft 3 69‘ 370
GAS C02/N2 Cn?/N? C02/N2 C 0 ? / N 2
TEMPERATURE( K) 900 900- 9 00 9*00
TOT', PRESS, (ATM) 2, 0 S. ft 4 , 0 5.0
COMPOSN(CO?) 0. 230 f t .231). 0 . 230 0,230
PATH LENGTH( CM) 9 Q 3 2 9.’ 3?, 9 . 32 9*. 32
BAND ABSCE(MU) 0,0014 0 . 0 0 3 3 ’ 0 . 0023 0.0043
BAND ABSCE(CMM ) 4 r 6 10
band EMISSIVITY 0.0001 0. 0003 0.0002 0.0005
WAVE(MU) WAVECCM* 1 >
LENGTH NUMBER
1 . BOO / 5556 0,000 ft.ftflfl. 0 . 000 0.000
1 .825 / 5479* 0, 004 O.OOAf 0 . 006 0,000
1 .850 /  5405 0, 003 0. 602’ 6 . 007 0.000
1 .875 /  5333 0, 000 ft .02 V 6 . 008 0,000
1 .900 /  5263 0,005 0 . 600' 6 , 003 0,000
1 .9?5 / 5195 0. 000 6 . 606. 0 . 006 0.000
1 .950 / 5128 0. 002 o . o o v 6. 006- 0.025
1 .975 /  5063 0,016' 6 . OOS* 0 . 014  ’ 0 .012
2,000 /  5000 0, 009' 6. 61 S’ 0.019* 0.028
2.025 /  4938 0,009' 8 . 6 2 V - 6.021 0.018
2. 050 /  4878 0, 009' 6 . 6 1 3 ’ 0 . 005 0.021
2.075 /  4 81 91 0, 000 6.611 6. 006 0.033
2,100 / 4762 0,000 6. 61 ft 6 , 002 0.011
2.125 / 4706. 0 ,000 6. 61 5 8 , 000 0.023
2. 150 / 4651 0, 000 8. 60 ft 0 , 000 0,000
RUN , NUMBER ' 371 irtf 373
GAS’ C02/N2: C 02/Nil C02/N2
TEMPERATURE<K> - 900 900
TOT'; PRESS . (ATM) 6,0 r:'ft. 8,6
COMPOSN( C02) 0,230 6*. fSfti 6,230
PATH LENGTH < CM) 9*. 32 9CSt* 9'. 32
BAND ABSCE(MU) 0;0075 0 ; 0 5 4 S i 0.0116.
BAND ABSCE(CMM > . 19' 14^ 31
BANDQEM SSI VI TV' 0, 060 8 o; o6oij 0.001?
WAVEtMU WAVEUMM)
LENGTH NUMBER
1,800 5556 6,000 6. 666; 6.000
1.825 5479’ 0.024 6. 632: 0,0001 VB50 5465 0,035 ft* 614. 0.035
1 .875 5333 0.000 O.OOO* 0.000
V.900 5263 0,005 6 , 6 5 4f 6.059'1 .925 5195 0,023 6. 662: 0.047’
1 .950 5128 0,024 6.611! 0,051
1.975 5063 0,040 6, 6O0t 0.074'
2,000 5000 0,032 O’, 666\ 6.016'2.025 4938. 0,054 6.631' 0,058
2.050 4878 0,012 M i l * 6,0832.075 4819' 0,003 6. 666; 0.0002.100 . --4762, 0,030 - - 6,634. 6.028,2.175 4706 0.011 6. 666! 6.03*.2.150 4651 0,000 6,666* 6.008
231
RUN NUMBER 374
GAS C02/N2
TEMPERATURE(K) 900
TOT’, P R E S S , (ATM) 2*0
COMPOSN(COZ) 0 . 6 20
PATH LENGTH(CM) 9 . 3 ?
BAND A B S C E ( M U ) 0 .0041
BAND A B 8 C E ( C M * 1 ) 10
BAND E M I S S I V I T Y 0 , 0 0 0 4
WAVE(MU) WAVE(CM ■M)
LENGTH NUMBER
1 , 800  / 5556 0 , 0 00
1 . 625  / 5479' 0 , 0 1 4
1 , 850  / 5405 0 , 0 0 3
1 , 875  / 5333 0 , 0 0 0
1 . 900  / 5263 0 i 006<
1, 925  / 5195 0 , 0 1 3
1 . 950  / 5128 0 . 0 12
1 . 975  / 5063 0* 029'
2 . 000  / 5000 0 . 0 32
2 . 025  / . 4938 0 , 0 2 6 '
2 . 050  / 4878 0,011
2 , 075  / 4819' 0,005-
2 . 100  / 4762 0 , 0 0 7
2 . 125  / 4706 ... 0 , 0 0 0
2 . 150  / 4651 0 , 0 0 0
. . . . . .  . . • . .y  r - - .1" nr. i  " *
RUN7 NUMBER:' ' ~ . 378
GAS! C02/N2
TEMPERATURE<X) 1 1 y  1 9 0  0 1
TOTVPRESS.(ATM) 6,0
" COMPOSN <C02) - • -•- 0,620 "
PATH LENGTH < CM) 9‘,32:
BAND ABSCE(MU) 0;0147
BAND ABSCE (CMM ) . 1 , 1  v5 6 i
BAND EM SSI Vt T Y: TO 100151
WAVE(MU wave < cmm $ -
LENGTH NUM8ER
11.800: > 1  5556 0*000-
1 .825 5479' 0* 028'
1i 850 ; —5405: : 0 * 0 0 5 1
1.875 5333 0^  000
1 6 900 5263 0*005:
1.9^5 . 5195 0* 056*
1.950 5128. 0I058Y
1 .975 5063 0*084
2.000 . 5000 " 1  01125V.;
2.025 4938 0*0 87
2,050 4878 0*058-
2,075 4819' 0,023
2,100 4762. .01019':
2,125 4706 0,027'
2.150 4651 . 0*000:
3 7 S ! 376 377
C 02 / N ? 1 C02/N2 C02/N2
90 O' 900 900
S .  ft! 4 . 0 5 . 0
6.62ft 0 . 6 2 0  , 0 . 6 2 0
9',‘ 31' 9'. 32 9'. 32
0 ; 0034 ' 0 .0 04 3 0 . 0 0 8 3
ft. 11 20
0 : 0004. 0 . 000 5 0,  0009'
f t . 000 0 . 0 0 6 0.000
0. 000. 0 , 0 0 0 0 . 0 0 0
0.60ft. 0 . 0 0 0 0 , 0 0 0
6 . 6 0 V 6.001 0 , 0 1 3
0 . 66ft! 0 . 0 0 3 0 . 0 0 0
6 ,602! 0 , 0 0 2 0 , 0 1 7
6. 663' 6 , 0 0 3 0.031
6 . 6 2  2: 0 .041 0 . 0 5 4
6 . 641' 0 . 0 5 2 0 , 0 5 8
6.  624. 0 . 0 4 4 0 , 0 5 7
ft* 61 0 , 019 ' 0 . 0 2 2
6 . 607 ' 0 . 0 0 3 0 , 0 3 4
6 . 613 ' 0 .001 0 . 0 2 2
6 . 609t O.OOO 0 . 0 0 8
6. 666- 0.000 0 , 0 0 0
'3791 380
C02/NI' C02/N2'
7 90ft! 90 or
f.Tft< 8.6
ft * 6 2 ft t 0,626
9C3I! 9'. 32’
P.'0063: 0.0185
1:7* 48
o l o a o f ; 0.0019';
6. 666; 6.000
6,66ft. 0.050
6 . 66ft; 0.012
6, ft 6 ft - 0.037
ft. 6 0 ft < 0, 068:
ft.ftftft. 6.076
; 6. 624, 0.086
6*8211 0.079'
. ft*67f: . 0,087'
6.671: 0.119'
6.641' 0,116
6 * 0 0 ft 1 0,012
6* 63ft; 6,000
. ®*0Oft. 6.000
ft1* ftftft; 0 . 0 0 0
232
:T vf -•
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RUN NUMBER 381 3 8? .3 8 3 3 8 4
GAS C ') 2 / N 2 C 0 ? / N ? C02/ N? CO?/v 2
TEMPERATURE<K> 9 00 ?* a 9 00 9-0 0
TOT.PRESS. (ATM) 2.0 3.0 4 . 0 5.0
C0«P0$N(C02> 1 1 0 0 ■ 1 1 0 0 1 .000 1 1 0 0
PATH LENGTH(CM) ? 1 ? 9 3 9 91. 32 9'. 32
BAND AB8CE<MU> 0 . 0029- 0 1 0 7 4 0 . 0085 0,0111
BAND ABSCECCm- 1 ) 8 1 * 21 27
band e m i s s i v i t y 0. 0003 0.0008 = 0 . 0009* 0.0012
WAVE(MU) WAVE( Cm- 1 >
LENGTH NUMBER
1.BOO / 5556 0 1 0 0 0.000 0 . 000 0 1 0 0
1.B25 / 54 79 0 1 0 0 0 1 0 5 0 1 0 0 0 1 0 0
1 , 8 * 0  / 5405 0 1 0 0 0 . 000 0 1 0 0 0 1 0 0
1, 875  / 5333 0 1 0 0 0.005 0 1 1 3 0 1 1 9
1, 900  / 5263 0 1 0 4 0. 000 0 . 000 0 1 0 0
1 1 2  5 / 5195 0 1 0 0 0.01 ft. 0,019* 0.029
1 1 5 0  / 5128 0 1 0 7 0.021 0 1 1 8 0 1 5 0
1 1 7 5  / 5063 0 1 2 4 0 . 040 0 1 5 2 0 1 6 5
2 1 0 0  / 5000 0 1 4 0 0. 068 0 1 9 2 0 1 8 8
2 1 2 5  / 4938 0 , 029- 0 . 057' 0 1 8 4 0 1 5 72 1 5 0  / 4878 0 1 1 7 0 , 027' 0 1 3 3 0 1 5 4
2 1 7 5  / 4819’ 0 , 000 0 1 1 3 0.011 0 1 4 3
2. 100 / 4762 0 1 0 0 0 1 1 1 0, 011 0 1 1 1
2. 125 / 4706 0 1 0 0 01191 0 1 0 0 0 1 1 8
2. 150 / 4651 0 1 0 0 0 .000 o.ooo 0 1 0 0
RUN NUMBER 385 S84. 387
GAS C02/N? C 0 2 / N ? ’ C02/N?
TEMPERATURE( K) 9-00 9*00- 90 0TOT/PRESS,(ATM) 6 1 ... 7 1 ' 8 1COMPOSN( CO?) ' 1 1 0 0 .1 . 000' 1 1 0 0
PATH LENGTH(CM) 9,32 . i l * 9‘. 32
BAND ABSCE(MU) 0.0136 0 . 0088 0.0252
BAND - A B S C E ( C Mf* 1 ) -7 34 22' 63'
BAND EM ssivtty: ,7.70191:41 r -01010; . .0 1 0 2 6
W A V E < M U WAVE ( C-MM ) /  '
LENGTH NUMBER
1 1 0 0 5556 0 1 0 0 0. 000; 0.000
1.825 5479- 0,000 .0,001' 0.041
1 150- ."5405 " 0,000 0 . 000' 0.008
1 .875 5333 - 0 1 0 0 0 .000 0,000
1 .900 . 5263 0,000 0100' 0. 065-
1 1 2 5 5195 .0154 0116. 0179'1 1 5 0 51 28 0,028 0,001- 0,118
1 1 7 5 5063 0,09*0 015*' 0.143
2 1 0 0 5 000 0,141 0,109« 9.138
2 1 2 5 4938 0,12.9- 0,091. 0,158
2 1 5 0 4878 0 1 8 6 0 1 6 V 0,127’
2 1 7 5  . 481 91- .0101 0. 000 0 1 2 8
2.100 4762 . . -. 0,013 :. -9. 005- 0 1 3 6
2.-125... ..-.4706-... -- - 1 ,  000 0. 009( 0161
2,150 .1 >4651 7 . J7 0, 000: 7- . 0. 900- 9,000
SPECTRAL ASSORPTJV1T1ES
233
RUN NUMBER 18R 3R9< 390 391 3 ?'? 393
GAS C02/N? C 8 2 / n ? C02/N2 C 0 2 / N 2 CD?/N? r 0 ? / n i
TEMPERATURE (If) 500 580 500 500 500 500
TOT.PRESS, (ATM) 2.0 3.0 4,0 2.0 3 . 0 4 . 0
COMPOSN (CO?) 0.620 0.620 ’ 0 ,620 0. 230 D . ? 3 0 0 . 230
PATH LENGTH(CM) 9. 32 9 . 3? 9.3? 9,32 9 . 3? ' 9'. 3?
BAND A » S C E ( M U > 0.0032 0 0 0 5 A 0 . 0099- 0.0025 0 . 0 0 0 / 0 . oo??
BAND ABSCE(CMM> 9' 1 1 25 7 ? ?
BAND EM SSI VITY 0,0000 0.0000 0.0000 0.0000 0.0000 0.0 0 0 0
WAVE (M*) WAVE < CM- 1)
LENGTH number
1 . BOO 5556 0,000 0 . 800 0.000 0. 000 D. 000 0, OOD
1 .325 5479' 0.002 0 . 8.0 0 0.002 0. 003 D. 000 0, 000
1 , 350 5405 0.005 0 . 000' 0,000 0. 002 0.000 0.000
1 ,875 5333 0.000 0 . 000- 0,000 0. 000 0. 000 0 , 000
1 .900 5263 0,010 0 . 000- 0, 002 0, 007 ' 0.000 0. 000
1 .935 5195 0,000 0.011 0,019* 0 . 003 0.000 0.000
1 .950 5128 0,01 5 0 ,021 0, 046 0 , 006 0.005 0 , 01?1 , ? 7 S 5063 0,026 8, 046- 0.  079' 0.021 o * ; o o r 0.0142 , 000 5000 0.061 0,069' 0 . 100 0,031 0.016- 0 . 02?
2. 025 49*38 0,018 0. 027 0, 066 0 . 004 0.000 0. 012
2, 050 4878 0.011 0.031 0.041 0. 015 0.000 0. 0102 . 075 4819* 0,000 0.019' 0.019' 0. 003 0 0  0 2 Oi 011
2, 100 4762 0,000 0.004 0, 008 0. 013 0.000 0, 0052. 125 4706 0,000 0, 007: 0 , 013 0. 003 0.000 0.01 5
2 . 150 4651 0,000 0 .008 0. 000 0.  000 0.000 0. 000
V  /RUN NUMBER 
GAS
Y  Y ;:T  E Mp ER A TU R E ( K )  
TOr;PRHBS,(ATM)
l yYCOMpOSNXCO?)
 PATH LENGTH(CM)
. . ■•-*.*
/  BAND ABSCE(MU) 
m  y  IA N B A a s c E ( c M « f  ) ■
?9‘4 . 191- . 396
C02/N2 C02/N2' C02/N2
§00 508 500
2,0 I8> 4, 0
1 ,000 “ 1 , 808. 1.000
9'. 3? 9 15 f 9*. 32
0,0074 0.’ 0084. 0, 0150
: -  t o  -■ I V 38
emi s s i  v i t y  Y . l o * o0 ObYnOvOboaY Y‘o l 0 .0 .0 o'
nY-YWAVE'(MU
LENGTH
YY, ViBOO
i s z i Y s o  ■
I'.IfS  
1900 
,9?5 
:.9*50 
1 .975
y e ; 000  
025 
l l . y 2 . 0 5 0  
2.075 
2,100 
2.125 _ 
j ,  150 =
WAVE'CCMM ) 
NUMBER 
5556 
5479’
5405 .
5333
5263 - .
5195
5128
5063
5000
4938
4878
4819'
4762
. 4704______
1 6 5 1Y VYY5
. 0 0 0  
, 0 0 0  
.007 
.006 
. 0 1 2  
, 0 2 0  
.034 
.058 
, 086' 
.032 
,033 
.011 
,013' 
,002 
*0 0 0
8 . 805- 
0,006' 
0 . 000' 
0 . 8Q8- 
8, 808- 
0.82V 
8.819' 
8 . 864' 
8.111 '  
8, 846. 
834 
02V 
811! 
80 8;. 
808-:
8.000 
0.000 
0.003 
0.007' 
0 . 0 1 0  
0.034 
0,061 
8.116 
0,155' 
0.087 
0. 059* 
0,036- 
0.017 
0.018' 
0.000
SPECTRAL ABSORPTIVITIES
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RUN NUMBER 397 398 399
GAS C02/N? C02/N2 C02/N2
T E M P F R A T U R E ( K ) 900 900 900
TOT. P R E S S . (ATM) 5 . 0 6 . 0 7 . 0
COMPOSN(COP) 0 . 2 30 0 . 2 30 0.  230
PATH LENGTH(CM) 9 . 3 ? 9 . 3 2 9 . 3 2
BAND A B S CE (M U ) 0 .1341 0 . 1 4 6 5 0 . 1 6 0 6
BAND A B S C E ( CM-1) 179 196 215
BAND E M I S S I V I T Y 0 . 02 55 0 . 0 27 9 0 . 0 3 0 6
WAVE ( MU) WAV E ( CM- 1 )
LENGTH NUMBFR
2 . 5 5 0 / 3922 0 . 0 1 3 0 .0 0 0 0 . 0 0 0
2 . 5 7 5 / 3883 0 . 0 3 8 0 . 0 0 2 0 . 0 3 7
2 . 6 0 0 / 3846 0 . 0 4 7 0 . 0 3 5 0 . 0 3 4
2 . 6 2 5 / 3810 0 . 2 0 0 0 . 2 1 9 0 . 2 0 9
2 . 6 5 0 / 3774 0 . 5 74 0 . 6 0 2 0 . 6 4 2
2 . 6 7 5 / 3738 0 . 7 49 0 . 8 1 4 0 . 8 6 5
2 . 7 0 0 / 3704 0 . 6 9 5 0 . 7 5 8 0 . 8 2 4
2 . 7 2 5 / 3670 0 . 6 0 6 0 . 6 7 0 0 . 7 5 2
2 . 7 5 0 / 3636 0 . 5 8 5 0 . 6 5 7 0 . 7 6 2
2 . 7 7 5 / 3604 0 . 5 7 3 0 . 6 5 6 0 . 7 2 6
2 . 8 0 0 / 3571 0 . 5 04 0 . 5 7 5 0 . 651
2 . 8 2 5 / 3540 0 . 3 7 0 0.  408 0 . 471
2 . 8 5 0 / 3509 0 . 1 8 8 0 . 2 5 2 0 . 2 99
2 . 8 7 5 / 3478 0 . 0 8 5 0 . 1 0 6 0 . 1 1 7
2 . 9 0 0 / 3448 0 . 0 3 2 0 . 059 0 . 0 3 5
2 . 9 2 5 / 3419 0 . 0 4 4 0 . 0 0 0 0.  000
2 . 9 5 0 V / 339 0 ■•>:: 0 . 0 1 2 -T 0 . 0 0 0 0 . 0 0 0
2 . 9 7 5 / 3361 0 . 0 3 7 0 .0 50 0 . 0 1 7
15 70 0 O ^>3333-'--W= 10/000 0 . 0 0 0 T -0/000
RUN' NUMBER ................ 400 401 402
G AS > ; » > € 0 2 / N2 TM C 0 2 / N 2 : C02/N2
T EMPERAT U R E ( K )  ' 9 00 900 9 00
T O T * P R E S S /(ATM ) > > :H £ 5 T 0 . . 6 .0 - - 7 . O
COMPOSN( € 0 2 )  -” ~ ” ~ “ 0/620 “ ”  0 . 6 2 0 0 . 6 2 0
P A T H VITF NG TH (  CM > m ? 4 » W . 3 2 T 9 . 3 ?
~  B A N DyA BS CFK MU) 10 8 ; - / 0 .215  0 ~r “0 . 2 2 5 4 “  TO
BAND A B S C E ( C M - 1 )  280 286 298.........
BAND E M I S S I V I T Y  0 . 0 4 0 3  0 . 0411  0 . 0431  0
WAVE (MU) WA V E (  CM-1 ) 3
2.  550' /  39T2 " 0 .0 2 0  ~ T M f F ^ l l T o b ^ " " ^
; - - y?l5 ;7 5 > > /ip 3 8 8 3 ;^ i> f> 0 :> 0 ;3 :?> «1 0 /0 0 0 C > > 0 ;0 4 2  “ f
2£600 7 3846 '    0 .  047 “~ w0 . 045 “ M . 036
2 *6 0 5 1 -/1 = 3 8 1  0 -1 T^O. 275 >> 0 . 274 TO O  . 287 1
2 . 650  /  3774 0 . 763  0 . 7 7 3  0 . 802
I~ .f.?h 6 ? 5-m j ^ 7 3 £ ' l f r rl> iO ;M 69 ■ / “■■• o . 9 a r i f / 9 83 ■ "-1
2 . 700  /  3704 0 . 9 72  0 . 9 8 4 1 . 0 0 0
» 2  >72 5 1 W .M 6  7 0 > |p f lO /9 4 O ':;> > O  M  74 > 7 E f0 f9  8 5 1
2 . 7 5 0  7  3636 0 . 9 2 4 0 . 9 5 9  0.991
M 2 /E 7 S ^ ^ ^ 0 O ; 4 ^ ^ ^ 5 p ! 3 '3 ? ^ J M : / ‘974r>>>>O:991 "' 1
2 . 8 0 0  /  3571 ‘  " 07892“ “ 0 . 9 4 1 ‘ 0 . 9 6 5
>  2 / 8 5 <4O>i>£ffl?Og7O0 > 1 7 Q>776 T -1 0 .8 6 3  >
2 . 850  /  ‘3509 0 . 46 8  0 . 5 2 8  0 . 578
Z ' ^ W 7 - 5 ? m / m 3 A 7 8 Z ^ m 0 Z 2 ^ Z Z y 0 7 2 5 7  £0.307 I
2 . 9 0 0 /  ‘ 3448 ......... 0 . 125  0 . 1 1 6  0 . 083
; 2£925 ;> £ p 3 4 1 9 > T = £ 0 . 060 > 0 . 0 3 9  7 0 . 0 6 9
2 . 9 5 0  / 3390   0 . 0 2 7  ..... 0 . 0 0 0  0 . 0 0 0
. 0 0 2 > v 0 . 0 0 6  . 7 1  
3 . 0 0 0  / 3 3 3 3  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
RUN NUMBFR 4 0 3 40 A 4 05 4 06 •235
GAS C02/N? C02/N2 C02/N? C02/N2
TFMRF RATURF ( K ) 900 900 900 900
TOT. PR FSS . (ATM) 5 . 0 6 . 0 7 .0 8 . 0
COMPOSN(CO?) 1 .000 1 .000 1 . 000 1 .000
PATH LENGTH( CM) 9 . 3 ? 9 . 3 2 9 . 3 ? 9 . 3 ?
BAND ABSCE (MU) 0 . 2 3 0 4 0 .2332 0 . 24 09 0.2382
BAND ABSCE(CM-1 ) 304 309 317 316
BAND E M I S S I V I T Y 0.0441 0 . 04 46 0 . 0 46 2 0 . 0456
WAVE(MU) WAVE(CM- 1 )
LENGTH NUMBFR
? . 550 / 3922 0.011 0 . 000 0 . 0 00 0 . 000
? .  575 / 3883 0 . 0 30 0 . 000 0 . 0 0 3 0 . 015
2 . 600 / 3846 0.051 0 . 036 0.  006 0 . 000
? .  625 / 3810 0.301 0 . 303 0 . 3 09 0 . 296
2 .6 50 / 3774 0 . 7 89 0 . 802 0.821 0.81 7
2 . 675 / 3738 0 . 9 8 7 0 . 996 0 . 9 95 0 . 990
2 . 7 00 / 3704 0 . 9 9 2 1 .000 1 .000 1 .000
2 .7 25 / 3670 0 . 9 88 1 .000 1 .000 1 .000
2 .7 50 / 3636 0 . 9 8 7 1 . 0 0 0 1 .000 0 .989
2 . 7 75 / 3604 0 . 9 86 1 .000 0 . 9 9 8 0 . 994
2 . 8 00 7 3571 0 . 9 60 0 . 9 8 6 0 . 9 9  5" 1 .000
2 . 825 / 3540 0 .8 60 0 .909 0 . 9 4 3 0.975
2 .8 50 / 3509 0 . 6 0 4 0 . 6 9 6 0 . 7 3 ? 0 . 837
2 . 875 / 3478 0 . 3 5 3 0 .3 79 0 . 4 6 6 0 . 430
7 2 . 900 / 3448 0 . 1 3 5 0 . 1 5 5 0 . 1 9 7 0 . 184
2 . 9 25 / 3419 0 . 0 6 7 0 . 0 30 0.091 0 . 022
2 .9  50 / "339 0 ' 0 . 0 4 2 0 . 0 09 0 . 0 00 0 . 000
2 .9  75 / 3361 0 . 0 5 6 0 . 0 3 7 0 . 0 46 0.011
f T T  •/•..........  3.000 / 3333 0 . 0 0 0  : 0 . 000 0 . 0 00 0 . 000
7 '  ' RUN NUMBER “  427 7’ 428 429 430 431
•’ GAS 7 T  = .‘V. 0 0 2 /N2 KC02/N2 T £; C027N2 C02/N2 C02/N2
T T  - % ...............  TEMP E R A TURF ( K )
- s -Z'T0T / P;R E S S v ( ?A T M )~ s =
9 00
-—
900 900
;-plT41,^=:
900
J,  1 K 5  ."0 7 “
900
7 — — . •- -......... COMPOSN ( 661)  ‘ * \ . 000 ~ ““n w o "1/00  0 "
- . «■* » V 
"  1 . 000 1 .00  0
T-H I L F  NGTH (  C M ) T / 5
-A —-il -IT ft V -
i T 9.-3 '2
-TA --Jl O C ** -TrT
-• 9 . 3 ? : T
43/ 'Jf S'-
9 . 3 ? 9 . 3 2
A •* d *7i p aui: vrm t ===• ~>U v i  & o 0 , 2230 0 . 2 3 1 7
' B A N D A R S C E ( C M -1 ) 214 252 278“... .........296" 306
"  ~ ’ BAND E M I S S I V I ? Y ---- 6 ? 0 3 6 f t “  0 . 0  3 60 3 0 . 0 3 9 8 " 0.b4l ?7 0 . 0 4 4 4
WAVE ( MU) 
1FNGTH77 
2. 450  7
"2 . 4 75 :7:  
2 . 500  
“2 .5 2 5  
2 . 550  
2 . 575  
2. 600  
-2/625 
7>.650  
7 2 /6 7 5  
2 . 700  
2 / 725  
2. 750
WAV E( C M-1)
^UMBEfTTT T  T '”T  
"4082%:  0.000
kOT) 1;
4000 ~  ; 0 .02 2
^ 6 0 /T tT 7 0 /L ) 2 4 :
/
/
7 39 22
j T 7 0 8 8 3  
7  3846
7 V 3 8 1 0  
f  “ 3 7 7 ?  
1 / 7 7 3 7 3 8
7775 
2 . 8 0 0  
=2/825 
2 . 850  
52/875
/
Ml
7
IT:
"7®
F 7 I
7
377
3704
T3670
3636
3 3 60 4
1571
T 3540
1 5 0 9
3 4 7 8
0/031  
U T 8 '  
" 0 . 029  
K t te r  3 x  
"07583 
7 7 0 /8 5 4  
0/ 809  
T O .702 
0 / 673  
M O 7711
 0 /6 5 7
“150:524  
0. 334  
3 /0 /1  69
0.000 
50/009  
0 . 009  
5 0 1 2 0  
0/ 026  
0 . 024  
0. 025  
0 /1 6 4  
0/666 
10.954  
0/925 
. 0 / 857  
0/ 848  
0 .8 5 2  
0 . 816  
10/666  
0 ". 43 5 
10/187
2 . 900
2 . 9  25
2 . 9  50 
2 . 9 7 5
/
m
r
m
3448
53419/
3390
53361
0 . 0 7 8
F 0 1 2 7
6 / 035
0/000
■07021
~ “ o . o o o ..... 0 .000 0 . 000
TT rT O i..03 -~ T 0 /0  00 T r 0 . 0 0 0^
■ ..... 0 . 018 0. 005 0 . 000
/ T  10 /022 0.015 0 . 000
0 . 018 0.015 0 . 0 0 0
7  0.021 0.012 0 . 028
0. 044 0.020 0 . 0 1 7
.1 89 0. 204 0 . 2 1 4
......... 0 . 710 0. 746 0 . 760
.1:10.988 " 0 /988  ' 0 . 9 94
0 . 978 0.987 0. 999
I T  10 .9 44T K 7 0 . 9 8 0 - 1 0 . 9 93
........0 . 924 0. 960 0 . 9  89
3 ^ ^ 0 7 9 * 2 0 . 990 3 0 . 9 9 5 ;
. 0 /9 1 2 0/971 0 . 985
37370  , 776 . ’ 7 0 . 8 7 6  7 0 , 9  25
0. 514 0. 623 0. 70?
3 /::,. 0.329 0 . 432
0 . 115 0. 164 0.181
1“ 7 0 /0 1 4 0/ 039 " 0 . 036 :
" 0 . 006 0. 000 0 . 0 0 2
VU-- 0 . 000  \ 0 . 010 0 . 0 1 7
------- ^RUN NUMRFR 432 A l l 434 415 416 ;
GAS C 02/N2 Co2/n? C02/N2 r o 2 / n i COP/N?
TEMPERATURE<K> 29'0 290 29*0 290 290
TOT.PRESS . (ATM) 2.0 1. 0 4 . 0 5 . 0 6. 0
COMPOSN(CO?) 0.500 0,500 0.500 0.500 0.500
PATH LENGTH(CM) 9.32 9', 1? 9*. 32 9* 12 0*. 12
BAND ABSCE(MU) 0.1048 0.1278 0.1343 0.1412 0.1453
BAND ABSCE ( CMM ) 142 172 180 1 90 19*5
.. ■ r BAND EM ISS IV ITY 0.0000 0 . 0000 0.0000 0 . 0000 0.0000
WAVE(MU) WAVE(CM -1 )
LENGTH NUMBER
2,450 / 4082 0.000 ft* 000 0,000 0.000 9 ; 00 0
2.475 / 4040 0.000 0.006 0.000 0.000 0.000
2.500 / 4000 0,000 0 . 009* 0.001 0. 000 0.000
2.825 / 3960 0.000 0. 002 0.002 0.000 0.000
7 7 7 7 . 2,550 / 3922 0,000 0, 001 0,007 0 , ooo 0 , 000
2.575 / 3883 0.000 0.000 0.007 0. 003 O'. 001
K - ' . J j r l : ' ' 2.600 / 3846 0,000 0, Oil : 0.000 0 . 006 ■ 1 0*000
2.625 / 3810 0,004 0 . 041 0.045 . 0.063 0* 049*
2.660 / 3774 0,347 0. 409* 0.421 0.431 0. 436-
2,675 / 3738 0,833 0.887 0,917 0.922 0.931
. 7:77' ’ - 2,700 / 3704 0,677 .. 0 v 778 0.830 0.854 .0*89*0
2.725 / 3670 0.523 0* 622 0.696 0.743 0*775
2.750 / 3636 .. 0.795 ' 0. 896- 0.929* 0.951 • 0*962
2.775 / 3604 0.698 0. 808 0,881 0.901 0.937
m . i - ' 2.800 / 3571 ' 0.292 0 . 408 0.457 0.526 0.565 -
2.825 / 3540 0.031 0.120 0.128 0.152 0*169*
.2.850 / 3509* ; i-> 0.000 . a 0 .028 ■0.025 0.040 - 0* 030*
2,875 / 3478 0,000 0. 020 0.003 0.019 0*019*
_.. - - ■ . 2 , 9 0  6 / ,3448 - n o  v boo -0,007 _ 0,000 0.013 ;; ,. l 0 * 0 21' i
RUN! NUMBER 437 4 3 8; 439* 440 441' ‘
I G A S n  '=>- ~r C02/N2 C02/X?’ •YC02/N2 ” C02/N2 C0P/N2
TEMPERATURE(K) 290 290- 29*0 290 290
■YfTOTVPRESS 1(1 T.Mfn ■fwMsYfti > yn?W/470 >"77 5*0 -6*07
COMPOSN ( C02) 0,100 0.100' 0*100 0.100 0,100
"-J1 r  /:pATH LENGTH (CM) -•Y-W32.' 79Q32r>1 -9132 9.32
x=Sh=s5---r=---= - - :BAND TABSCE<MU) ™ y 0*0503 ::y0v0750<iwOY0845/ 0.0929 " 0.0987
BAND ABSCE( C M r i ) 68 101- 114 126 134'
5 2 7 ' B AND EMI SSI VITY 0.0000 07obob. o .oooo 0.0000 0,0000
_ l-
WAVE(MU) WAVE(CM
C 7 V ;
Q LENGTH; NUMBER - . • -.-- ' *-
2.450 / 4082 ~ 0,000 b.OOO. 0.000 0.000 0*000 =
. - * :: 21475 7/ 4040 70,000 ■.-: 'Y70, OOO- .7-0.003 ,0.007 0* 000 -
2.500 / 4000 0*000 o.ooo. 0,002 0-. 008 0*000
2.525 / 3960 0*000 -bVooo. / 0 .0 0 5 ' ‘ :0v013 0*000
2,550 / 3922 0,000 0 . ooo. 0.009* 0-.004 0* 003.
2.575 7 5883 . . .: O.OOO . : - 0* 000: Yr>0.000y 70*000 • 0*000 :
... , 2.600 / 3846 0.000 __0^0 01; 0.000 0.000 0*000
2= 625 / 38/i o 0.000 ' - ' - *“ A ^  ft 2 A f --T- A ft? A -ft f t *  5 ft\ 5 ? A>• I,. * w I* # 
2 .660 / 3774
— , :.'V/ V V V 1/ ■ 
0.181
- ‘ *•:. U J* .11 !
0* 257' 0.284
v  * -Vi 9^ *9 -
0.311 0.327
; r ^ y y r r rr ~ -1- 77*7675 n / . . . >3738' 777:01477 Im Y b z o . : /r 0*716 7 7/0,760 > i:  0.808
2.700 / 3704 O’. 345' 0.469* 0.565 0.617 0*662
2.725 7 "^3 67 0 -^ r  n o  1220 =-v: > y  6 , 585n 7-0 7429*:n 7' 0*457
2, 750 / 3636 0.385 0 . 538 0.636- 0,703 0* 754
tig Y lW '/ /  ■' 21775 / 3604 : Y 10*303 77 0* 430*7.¥76>51j477 : 0,584 -7' 0*6-30 ;
2,800 / 3571 0,081 0.15ft- 0.163 0.206 0* 239*
2.825 / 3540 7 0,000 0.055 . .: 0 , 0 36 :: 0.026 0.034
2.850 / 3509* 0*000 0, 027’ 0.006 0*007 0*002
2,875 / -3478; 0,009* Y n i i f j p . i l : 77/70.00077 0.000 a , ;  0*011
77-. ■ 2,900 / 3448 0.000 ft . 024- 0. 006- 0.005 0*000
i'£V.?T - 2.925 / 3419.' • 7 ' 0,000 7-7o;b24- 7 0.009* 0,001 0*000
2,950 / 3390 0,005 0. 025’ 0,000 0.006 0.000
7/'-' . 2.975 / 3361 6,000 0.026/ 0.006 0.000 7 0* 000 :
RUN NUMBER 44? 44 A 444 445 446
GAS C02/N2 C 0 2 / N ? C02/N? CO?/N2 C02/N2
t e m p e r a t u r e ( k ) 500 500 500 500 500
T O T . P R E S S . (ATM) 2 . 0 3 . 0 4 .0 5 . 0 6 .. 0
COMPOSN(C02) 0 . 100 n . 1 00' 0 ,1 00 0 . 1 00 0 .100
PATH LENGTH(CM) 9; 32 9'. 3? 9'. 32 9 . 32 9.  3 2
BAND ABSCE (MU ) 0 .0290 0 . 0489' 0 . 0643 0 , 07 25 0 .0 85 8
BAND ABSCE (CM-1 ) 40 6 4 87 96 11 6
BAND E M I S S I V I T Y 0 . 0005 0 . 0009' 0 . 0012 0 . 0 0 1 3 0 . 00 16
WAVE(MU) WAV£(CM«-1 )
l e n g t h NUMBER
2 .450 / 4082 0 , 000 0. 000' 0 . 0 00 0 . 0 0 0 0 . 000
2 . 475 / 4040 0 . 000 0. 000' 0 . 005 0 , 0 0 6 0 . 000
2 ,500 / 4000 0/000 0 . OOOr 0 , 012 0. 005 0, 000
2 . 525 / 3960 0 .000 0 . 000' 0.011 0 . 002 0, 0 00
2 , 550 / 39 22 0 , 0 00 0. 000' 0 , 0 00 0 . 000 0 , 000
2 , 575 / 3883 0 . 0 00 0 . 00 0- 0 . 0 00 0 . 0 0 0 O'. 000
2 . 600 / 3846 b . 0 0 0 . o . o b o * - 0 . 0 00 0 , 0 0 2 0/ 000
2 , 625 / 3810 0 . 0 0 8 0,028. ' 0 , 0 44 0 , 0 5 7 0 . 061
2 , 650 / 3774 6 ,1 39' 0.  232 0/285 0 , 3 2 0 0 .3 77
2 . 675 / 3738 0.  269' 0.411 0 . 4 7 7 0 . 5 7 7 . 0 . 652
2 . 700 / 3704 0 .1 92 0 .3 00 0.361  , 0 .449 ' 0 . 510
2 .725 / 3670 0 . 1 23 0.221 0,289- 0 . 339 ' 0.4-11
2 . 750 / 3 6 3 6 T ' . -• '■ 0 . 1 7 7 0 . 3 0 V . 0 ,3 65 0 . 4 2 7 0 . 5 14
2 . 775 / 3604 0 .1 62 0. 255- 0 . 3 30 0.396- 0 . 462
2 . 800 / 35 7.1 J ;  VC 0, 089' 0.  14 0 0 , 1 9 7 0 . 2 2 8 0 . 286
2 . 825 / 3540 0.  009' 0. 045 0,072- 0. 068 0 . 100
2 . 850 v 3509t..Sr- ... >0 .0 00 0 , 007 ' 0 . 0 46 0 . 0 0 6 0 , 014
2 . 875 / 3478 0 . 0 00 0 . 000- 0 .0 20 0 . 0 1 0 0 .0 14
2 f 900 ■ ■/> 3448. ii ;/>oTboo7 » = 0 : ,  000; : 0 . 0 1 8 0 , 0 0 0 0 , 004
2 . 925 / 3419' 0 . 0 00 0,012. 0 ,021 0 . 000 0 .012
2*950 / 339 b 7 ■ > 6 W b b [. T i b i . b o l T > : 0 / 0 0 8 i / / 0 , 0 0 3 0/017-
RUN' NUMBER 447 44 8 i 449' 450 451
6ASA.' ';- •/ 1 C 0S / N2 / fllC  n27lN71-:y-C02/N2>v C02/N2 ^  C02/N2
TEMPERATURE U ) 500 500/ 500 500 500
TOT/PRESSV <ATM=V >: A A rm - A A M A O A A i 5/0 6 , 0
COMPOSN C 002) 0 . 500 o . s b b i 0 , 5 00 0 . 5 00 0 . 500
PATH; l e n g t h I M I M i n A A W itA A - 9'. 32 32-
BAND ABSCEXMU) z f > 0 / V 0 7 V ' 0 . 1 0 6 V  1 7 0/1247 0.141  a 0.1  579*
BAND A B S C E <CM*1 ) 1 45 ........  143 168 191 . 212
BAND E Ml S S f  V t T Y oA oo ip ] 0 . 0019 ' 0 . 002 3 0 , 0 0 2 6 0,  0029'
WAVE<MU) WA VE<C M» 1) ‘ * •
; " ■
LENGTH
2 . 4 5 0 / 4082. - 0 , 0 0 0 0.  000' 0 . 0 0 0 0 , 0 0 0 0.  000'
2 . 4 7 5 / 4 04 0/  ; / ;" > 0 M i 5 : > ' f o T o b s v > 0 / 0 0 1 1 ; > > o v b o 4 > > > 0 , 0 1 0
2 . 5 0 0 / 4000 0. 009' n-. o bo- 0 . 0 1 2 0 . 0 0 5 0 , 0 0 3
. 2 , 52 5 / . 3 9 ^ 0 1 .  =  /:0/b01>/ o/o Ob; 0 , 0 0 0 :> > ;b ;  o b 4 > > 0,  008*
2 . 5 5 0 / 3922 0 , 0 0 0 0.  000* 0 . 0 0 0 0/ 000 0 . 0 0 0
2 . 5 7 5 / 3883 > " i o . b o o ' o/oooi 0 . 0 0 0 o . o b o  > 0 . 0 0 0
2 . 6 0 0 / 5846 0 . 0 0 0 0.  OOOt 0, 000- 0.  009'  . • 0/003
2 , 6 2 5 / 3 8 l 0 / r > : " 0/072= 0 / 0.8 6 • T > 0 / 0 8 6 - I>T>0> 11 7 i > / 0/120
2 . 6 5 0 / 3774 0.  458- 0 , 4 5 V 0 . 5 0 4 0 . 5 5 0 0 , 5 6 7
2 . 6 7 5 ' ' t -  r bV755r 0/767* 0 . 8 5 1 ’ i 0/ 9 15 0 , 9 4 8
2 , 7 0 0 / 3704 0 . 6 3 3 0.  628; 0 , 741 0. 8 31 0/893
2 , 7 2 5 f 3670 A m Z U A - O v 5 2 i: ' 0 . 6 3 2 0 , 7 3 7  >• ' 0/8.34
2 , 7 5 0 / 36-36 0 , 6 2 3 0.  63 V 0 , 751 0/ 849' 0 . 9 2 0
2 . 7 7 5 / -3604 0/601 i 0 . 5 8 7 / 0/708 0 . 8 2 0  * 0.89*8-
2 . BOO / 3571 0 . 4 0 4 0,  360- 0 . 4 6 5 0 . 5 7 0 0. 661
2 , 8 2 5 / 3540 v " 0/159',= ;.--: 0/ 142/-- >0/184* 0/223--,.. 0 , 3 0 3
2 , 8 5 0 t 3509* OvO 39' 0.  0 47 ‘ 0 . 0 4 7 0/ 032 0/086*
2 . 8 7 5 / 3478 ' : 0 /  003 0/ 004 0, 006V o . o o b ,-0/026.
2 . 9 0 0 / 3448 0 , 0 0 0 0 .  000* 0 . 0 0 0 o . boo 0, 013-
'2/985' J 3 4*0- f l f t / o o v i ft =. A Aft ft ft 4 L A  A A A A  K M .
RUN NUMBER 457 4 5 R 459* 460 461
GAS C02/N? C o 2 / N 7 C02/N2 C02/N2 C02/N2
TEMPE-R ATURE ( K> 700 700 700 700 700
TOT . P R E S S . (ATM) 2.0 3 . 0 4 . 0 5 .0 6.. 0
COMPOSN( C02 ) 0.100 0,100 0.100 0.100 0.1 00
PATH LENGTH < CM) 9 .3 2 9'. 3? 9'. 32 9 . 3 2 9 . 3  2
BAND ABSCE <MU> 0 . 00 54 0 . 0088 0 . 0 08 2 0 . 05 95 0 .0729
BAND A B S C E ( C M - I  ) 7 1 7 12 80 98
BAND E M I S S I V I T Y 0 . 00 05 0 .0009 ' 0 . 0 0 0 8 0 . 0 0 5 8 0.0071
WAVE(MU) WAVE(CM- 1 )
l e n g t h NUMBER-
2 . 4 50 / 4082 0,000 0.000 0.000 0. 000 0 . 000
2 . 475 / 4040 0,000 0.011  ■ 0 , 0 0 4 0.002 0 . 017
2, 500 / 4000 0,000 0 . 0 0 4 0,000 0.000 O'. 001
2 .5 25 / 39-60 0.000 0 . 001 0,000 0.000 0>. 000
2 .5 50 / 3922 0,000 0 , 0 0 5 0 , 0 0 7 0 . 000 0 . 005
2 . 5 75 / 3883 0 . 000' 0 . 000 0.000 0.000 0. 000
2 . 6 00 / 3846 0.000 0 . 00ft*. 0 . 0 1 5 0 . 0 0 3 0 .0 17
2 . 625 / 381 0 0,000 0 . 008. 0 . 0 0 3 0 , 0 2 3 0 . 050
2 . 6 50 / 3774 0 . 0 1 7 0 , 0 3 4 ' 0 , 0 4 8 0 , 2 32 0 . 286
2 . 675 / 3738 0 , 0 4 7 0 . 0 50 0. 069' 0 , 4 5 6 0 . 505
2 . 7 0 0 / 3704 0 . 0 45 0.  056- 0 . 0 4 0 0 , 3 9 7 0 . 458
2 . 725 / 3670 0,022 0.  029' 0.021 0 . 2 85 0.3.13
2 . 7 5 0 / 3636 0 , 0 0 4 0.0:34. 0 , 036- 0 . 2 92 0 . 3  46
2 . 7 7 5 / 3604 0 . 028 0,031 0 . 042 0 . 2 96 0 . 362
2,800 7 3571 0 . 0 2 7  ' r JO ., 00 8 0 . 0 3 4 0 . 2 3 7 0 , 2 7 7
2 . 825 / 3540 0, 002- . 0 , 001; .. 0 . 0 1 8 0.120 0.1 45
2 .8 50 / 3509' 0, 007 , . f t  01 6- 0.000 0.031 0 . 0 6 4
2 , 875 / 3478 0.000 0 . 014 . 0,000 0 . 0 0 6 0 . 063
2 , 9 0 0 / 3448 0 . 01 7  : b;..:022. . ,=0.000 0.000 0.000
RUNf NUMBER 462 ...463'-" ' 464 465 466*
GAS C 0 2 / N 2 : C 027N 2 - C02/N2 C02/N2. C02/N2
T E M P E R A T U R E ( k ) 700 700; 700' 700 700
T O T . P R E S S . (ATM)  • • ^ 2 / 0 T 7 7 T J- ' S t ' O t fT J T f t i - v - , - 5 ~.-0 6-. 0
COMPOSN(C02) 0 . 5 00 0. 5 0 0* 0 , 5 0 0 0 . 5 00 0 , 500
PATH; IL E N G -T-H f M tP% 7 > i / 3 2 f t 7 ;7 ‘/3 2 ;: J j f t ? / 3 2 7 9'. 32
B A N D A B S C E ( M  U r T T T 30/0743  - v 0/0922:  J 0/1357- r . 0.1258 0 , 154 5
BAND ABSCE  < CM*1 ) ' 100 1 23 181 168 207
BAND EMI  S S I V J T Y ; r : § o f r ^ 0 . 009*0* 0 . 0 1 3 3 0 . 0 1 2 3 0,0151*
WAVE (MU) WAVE < CM»1 ) 
LENGTH NUMBER .
2 , 4 5 0 / 4082 0 . 0 0 0 b.  ood* 0 , 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 4 7 5 / 4 0 4 0 ; j  o /o o o 77 r ; 0 . 0  i  6« >m o / odo:M l b . o o o . .. 0,006*
2 . 5 0 0 I 4000 0 . 0 0 0 O.OOV 0 . 0 0 0 0 , 0  00 0 . 0 0 0
2.525 / .39.60 = -7 , 0 , 0 0 5  " 0 . 0 0 7 / - 6 , 0 0 9 ' J 7 f t  70 0 0 7: 7 0,  000
2 . 5 5 0 / 39-22 0 . 0 0 0 0.  008 0 . 0 0 9 ' 0 . 0 0 0 0 , 0 3 2
2 . 5 7 5 / 3883 0 . 0 0 0 0 . 0 0 0 - 0 . 0 0 8 0 . 0 1 2 0 . 0 0 0
2 . 6 0 0 / 3846 0 . 0 0 0 O', 000 0 . 0 1 4 0 . 0 0 0 0 . 0 0 4
2 . 6 2 5 = 77 >3 8/10 7 , 0 . 0 3 7  . f t  046* 0 . 0  77: 0 . 0 7 3 ... 0 /095
2 . 6 5 0 / 3774 0 , 2 9 2 0 . 3 5 2 0 . 4 8 0 0, 449- 0 . 5 2 5
2 , 6 7 5 f t > 3 7 3 8 2 f t f t O V 5 3 7  V JO. 618- 0 , 8 2 0 0 , 8 0 6 f t  7 0 / 9 1 1 ■
2 . 7 0 0 / 3704 0-, 465 0 . 5 5 1 - 0 . 7 5 3 0 , 7 5 1 0*. 864
2 , 7 2 5 7 3670 -t j t :-Ov'35o jj;TO . 41 5' f t  630 f t f t ' 6 2 4 f t f t  740
2 . 7 5 0
2 . 7 7 5
/ 3636 0 . 3 4 4 0. 435* 0 . 6 5 3 ‘ 0 . 6 3 4 0 , 7 8 4
,,77 =7 3604 m + M k d : 5 / 0  ,M .27 : 0 , 663 f t  0/801
2 , 8 0 0 / 3571 0 . 3 0 5 0,  362: 0 , 5 7 0 0 . 5 4 3 0 . 6 8 2
2 , 8 2 5 / 3540 7 7 M 7 14 71 M O ,  361 . 0 . 332 ..... 0 . 426-
2 . 8 5 0 / 3509' 0.058= 0 . 0 9 3 ' 0 . 1 6 7 0. 129- 0 . 1 9 5
2 . 8 7 5 7 / 3478; f t  T O ^ 0 0 6 f t f t  0 4 f t 77 0 * 066 . 0 , 0 1 0 0, 103-
2 . 9 0 0 / 3448 0 , 0 0 0 0.  022 = 0 . 0 3 5 0 . 0 0 0 0. 0 19 '
2 . 9 2 5 . 7 .,-3.4,19\. f t .  f t  0.0 O ft = 0.  008: 7 0. 018/ 0 , 0 0 0 .0, 000'
. 2. 950
O S l * (
. / 
4
3390mm m k ■ 0 . 0 0 0  _  A * A A A 0.  007- 0 . 0 2 6 0 . 0 0 0 0 . 0 0 0
ZM
RUN NUMBER 467 468 469 470 471
GAS C02/N? C02/N2 C02/N? C02/N2 CGi?/ N?
TFMPPRATURF (K  > OOO 900 9 00 900 900
TOT. PRFSS . ( A T M ) 2 . 0 3 . 0 4 . 0 5 .0 6 . 0
COMPOSN(CO?) 0 . 5 0 0 0.  500 0 . 500 0.  500 0.  500
PATH LFNGTH(CM) 9 . 3 ? 9 . 3 2 9 . 3 ? 9 . 3 ? 9 . 3 ?
BAND ABSCE (MU ) 0 . 1 1 0 8 0 .1 46 5 0 .1747 0 .1 91 7 0 . 204 9
BAND A B S C E ( CM-1) 148 196 233 256 27?
RAND E M I S S I V I T Y 0.0211 0 . 0 2 7 9 0 .0333 0 . 0 3 6 6 0.0391
U'AVF (MU) WAVE(CM -1 )
LENGTH NUMBER
2 . 450 / 4082 0 . 0 0 0 0 . 0 0 0 0 . 000 0 . 0 0 0 0 . 0 0 0
2 . 475 / 4040 0 . 0 1 8 0 . 0 0 8 0.001 0 . 0 0 0 0 . 0 1 3
? .  500 / 4000 0 . 0 09 0 . 0 1 5 0 . 008 0.  008 0 . 0 1 3
2 .525 / 3960 0 . 0 12 Q.024 0 . 020 0 . 0 2 0 0.  OOO
2 . 550 / 3922 0 . 0 2 2 0 . 0 0 8 0 . 009 0 . 0 1 7 0 . 0 1 3
2 .575 / 3883 0 . 0 2 5 0 . 0 1 6 0 . 038 0 . 0 3 6 0 . 0 1 7
2 . 600 / 3846 0 . 0 19 0 . 0 3 0 0 . 040 0.051 0 . 0 1 9
2 . 625 / 3810 0 .1 25 0 . 1 4 5 0 . 186 0 . 1 9 5 0 .2 24
2 . 650 / 3774 0 . 4 2 4 7 0 . 5 4 3 0 . 618 0 . 6 3 5 0 . 6 7 ?
2 . 675 / 3738 0 . 6 49 0 . 8 1 0 0 . 8 94 0.931 0 . 9 7 2
2 .700 / 3704 0 . 5 9 5 0 . 7 7 8 0 . 8 67 0 . 9 2 4 0 . 9 7 4
2 . 725 / 36 70 0 . 4 9 5 0 . 6 6 7 0 . 788 0.861 0 . 9 39
2 . 750 / 3636 0 . 4 7 8 0 . 641 0 .7 69 0.861 0 . 9 2 7
2 . 775 / 3604 0 . 4 7 7 0 . 6 4 2 0 . 7 66 0 . 869 0 . 9 3 3
2 . 800 / 3571 0 . 4 2 4 0 . 5 8 8 0 . 729 0 . 8 19 0 . 9 0 2
2 . 825 / 3540 0 .3 19 0 . 4 4 9 0.  565 0 . 6 5 4 0 . 7 5 5
2 . 850 / 3509 0 . 1 7 9 0 . 2 7 0 0 . 365 0 . 4 2 7 0 . 4 7 7
2 . 875 / 3478 0 . 0 8 9 0 . 1 2 7 0 . 1 8 7 0 . 2 1 5 0 . 2 3 7
2 . 900 / 3448 0 . 0 3 0 0 . 0 5 3 0 . 056 0 . 1 1 0 0 . 0 6 3
2 . 925 / 3419 0 . 0 2 3 0 . 0 2 7 0 . 047 0 . 0 2 0 0 . 0 2 8
2 , 950 / 3390 0 . 0 0 2 0-014 0 . 029 0 . 0 2 3 0 . 0 0 0
RUN NUMBER 472 471: 474 475 47'6-
GAS " a : . ' >C 0 2 / N 2 "7 / 0 0 2 7  NX 7 7 C 0 2 / N 2 ; C 0 2 / N2. - C02/N2
TEMPERATURE < K) 289' 2 8 9 ‘ 289' 289’ 289'
T O T . P R E S S , . (ATM) - 7 7 2  .0 370177 7-7 :4 , 0 / ,:'Y .7 5  . 0 6 ,0
COMPOSN(CO?) 0.1 00 b,  1 oo< 0.1 00 0,1 00 0*100
P AT H >LENGTH"( C M by// Y / V S p Q W 5 7 0 0 - Y f > 1 5 . 0 0 7 1 5 . 0 0
b a n d  /ABSCE (MU)  y  J. 70.10 689' 7.707090 8,"- 0. 1 062-,, 7 0 . 1 1 3 8 0,12-11
BAND 1AB SC E ( CM- 1 ) ' 93 123: 1 44 1 54 16 4
b a n d '  1E M I S S I V I T Y " ^ o . b o d o ......O'. O O P Of 0 , 0000 0 ,0 00 0 0 . 0 0 0 0
WAVE(MU) WAVE ( C M M )
“£3=LL~--...Z3-_: .d—-3—K~Y r  - .*«" -• - —■
LENGTH. NUMBER*;:*' >; y ■ r r r * -"7r^--- —rr-.-r.r.-- r - -r ■ ...... . . . . . . .
2. 450 / 40 8 2 ' 0V 000 ........n 0 0 61 “ 0 . 000 0C000 0*000
2. 475 " / .40 40 v . " “ 0 , 000 * 7"  776 V o . G S / y 07008 /To 70 0 51 T Y  0*00 2
2, 500 / 4000 0 . 000 0 . 004- 0 . 006 0 . 000 0* 006'
2 .525 7 39-60- r; 7: 0, 000 . 7 7  O '. 0 0 2< -■ 0. 013 / -.07 0 067" " 7 0 . 005
2 , 550 / 39*22 0 . 000 0 . ooo- 0 . 016 0*016 0* 022
2 . 575 / 3883 Y  70*000 -"0 101 O' ■” 0 , 037 0 . 0 3 7 : 0* 048
2. 600 / 3846 0 . 000 0 . 0 1 1 ’ 0 , 038 0* 044 0*057
2 . 625 / 3810, • 0.011 :ro.  031*‘ 0.049- 0 . 0 5 7 ' E M  069'
2, 650 / 3774 0 . 2 3 3 0 . 3 0 1 ’ 0 . 347 0 ,3 62 0*377
2 , 675 / 3738; :; y > 770.602. : 7:7,0.. 72.g, 0 , 8 07 n o *  840 :-7 0* 865
2. 700 / 3704 0 . 4 67 0. 59'4. 0.686 . 0 , 7 25 0* 769'
2, 725 : v  ” 3 6 70 n r 7 ..07306 7 :n i ) l '4 lT ;7 z 07494 ‘ 0*545 0* 59?
2 . 750 / 3636 0.51 8 0. 664. 0 . 760 0 . 8 06 0* 850
2 . 775 7 360.4 r 77  ’ 0 /4147 7 M  07*40* 07648 : 0 , 7 0 0 0*752
2. BOO / 3571 0.131 0 . 199 ' 0 . 255 0 , 290 0*32 3
2. 825 . 7 3540: 77 7;_7o;:o32,• 7 M ..0  4 7 :1 7 0 . 053 0 , 066 .. 0, 060'
2. 850 / 3509* 0 . 0 07 0, 006. 0 . 017 0* 008 0 * 01 ?
2 7875 7 3 478 ... ~”  0 . 013 ' 0 . 013 :  r 0,  006. 0*011 -0 . 007"
2 . 900 / 3448 0 . 005 0. 01 S ’ 0 . 004 0*001- 0* 008
2 . 925 : / > 3419*. v.. 0.  006- 0. 014 . 0 .000 0 . 015 . 0 . 010
7W
n v' -v iv u v, ^  k 477 4 7 8 479* ABO 481
G A S C02/N? c q?  f n? C 0 2 / N 2 CO?/ N? C02/N?
T F M P E R A T U R F ( K ) 2 8 9' ? R ? i 2 89' 2 89 2 8?
T ft T , P R E S S .  (ATM) 2 . 0 3 . 0 A , 0 5 .0 6. 0
COMPOSN! ( n o ? ) 0 . 230 0 . 2 30 0 . 2 30 0 . 2 30 0 . 230
PATH LENGTH(CM) 1 5 .00 1 5 . 00 1 5 . 00 15.  00 15 . 00
BAND A B SCE (M U) 0 .0 98 4 0.1174- 0 . 125 6 0.1351 0 . 1 4 0 ?
BAND A B S C E C C u - l ) 1 3? 1 5? ' 1 6?' 1 82 199
b a n d  e m i s s i v i t y 0 . 0 0 0 0 0 . 0000 0 . 000 0 0 . 0 00 0 0 .0000
WAVE( MU)  WA V £ ( C M~ 1 )  
L ENGTH NUMBER
2 , 450 / AO 82 0 . 000 0 , 000- 0 . 0 00 0. 000 0/ 000
2 . 475 / 40 40 0.001 0.001- 0 . 0 00 0.001 0. 004
2. 500 / 4000 0 . 000 o . 00 v 0 . 0 00 0 . 005 0 , 004
2 . 5?5 / 394 0 0 . 000 0 . 00 0 0 . 000 0 . 0 06 0. 010
? .  550 / 3 9'2 2 0 . 000 0. 00? ' 0 . 009 ' 0 . 0 1 3 0 . 02  0
? .  575 / 3883 0 . 000 0 . 0 12 0 . 0 2 4 0. 033 0. 046
2. 600 / 38 46 0 .0 00 0 . 019 ' 0 . 0 2 4 0/042 0 . 054
? .  6?5 / 381 0 0 . 027 0 . 044, 0.  049' 0.  0 6 9' 0 . 080
2. 650 / 37?  4 0 . 315 0.361- 0 . 3 8 3 0, 399' 0 . 410
2. 675 / 3738 0 . 7 77 0 . 849' 0 . 8 7 8 0 . 8 9 3 0 .90  8
2, 700 / 3704 0 . 6 34 0 , 7 4 7 ’ ■ 0 . 798 0 , 8 3 8 0 . 858
2 . 725 / 3670 0 . 465 0 . 575' 0 .641 0. 688 0. 722
2. 750 / 3636 - 0 . 725 0 . 833 0.  885 0 , 9 10 0 ; 9 '3 0
2. 775 / 3604 0 . 613 0 . 7 3 B. 0.811 0 . 8 5 8 O'. 87B
2, BOO / 3571 0 . 2 43 0 . 3 4 4 0 . 4 06 0/ 460 . 0 . 500
2 . B25 / 3540 0 . 055 0 . 0 8 3 0 . 0 9 7 0 . 1 2 4 0/150
2 , 650 / 3509' , 0 . 015 0 . 027 ’ 0 , 0 1 8 0/032 0/035
2. 875 / 3478 0. 009* 0 . 0 1 7 ’ 0 , 005 0 . 015 0/ 01 6-
2. 900 / 34 48 6 , 0 03 0 . 014 . 0 . 0 00 0.001 6/000
RUN NUMBER 482 4 83 484 485 486
GAS C02/N2 ;Co2/N?: C 0 2 7 N 2 -CO 2 / N 2 . COp/N?
T E M P E R A T U R E ( K ) 289* 2 8 9' 289' 289' 289'
TOT. P R E S S  , ( AT M?-/£ .£  -2.0 . £ £ 4 / 0 ; . 5 . 0  £ 6> 0.
COMPOSN(C02) 0 .5 00 0. 500* 0 . 5 00 0 . 5 00 0/500
PATH iLENGTH(CM? . > 1 1 5 , 0 0 , - 15 . 00> 1 5 . 0 0 7 : 1 5 , 0 0 : 15 . 00
BAND ABSCE (MU)  - "/'' 0 . 1219 ' 0,1 368- 0.1471 0.  1 532: 0,1 606-
BAND A B S C E ( CM*1) 1 64 184- 1 9'8 206 21 6-
BAND EM S S I  V I T Y 0. 0000 0.0000- 0 .0 00 0 0 . 0 0 0 0 0 .0 00 0
W A V E ( M U WAVE ( CM" 1 )
LENGTH NUMBER-" . "£ . .
2 . 450 40 8 2 ^ 0 . 0 0 0 £ ..o . oob' 0 , 0 00 O', 000 0/000
2 . 475 4040 :  0/.0Q4I = :-T0£00 2/y. TOvOOO £  £ 0 . 0 0 2 , , : 0 . 000
•2. 500 4000 0 . 0 0 4 0. 000' 0 . 0 0 2 0/ 0 02 0/000
2. 5 25 i ~ ’ "39'6 0 v ' • O1O01Z-1/-0/ 005!  ’ -" " 0 .  002: ;0/ OO3:£ £ £ 0 / 0 0 1 ’
2 . 550 39'2 2 0 , 000 0. ooo-- 0. 009' 0/007 0/ 01 4
2 . 5 75  " 3883 0 . 000 " 0 , 0 0 6< 0 . 0 1 8 0/034 : £  0/043
2. 600 3846 0 . 000 1 0.01 8-’ 0 . 0 2 8 0 , 0 3 4 0/052
2 . 625 38-10: ' 0 . 0 2 7 £ 0 . 049* 0 . 0 65 : 0/ 074-;.. £ £ 6 / 0 90
2. 650 3774 0. 365: 0 . 399« 0 . 4 1 7 0 , 4 2 8 0/ 449'
2 , 6 75  - . •373 8/' “ 0 .861 " T o .  897* 0 . 9 2 2 .-0/923 £ T / 0 / 9 2  7
2 . 700 3704 0 . 782 0.851- 0.  895 0 . 9 1 6 0 , 954
2 .7 25 3670 0 . 6 2 V 0. 720- . 0 . 7 8 3 /£ £ 6  / 81 9// £-£'0/864
2 .7 50 3636 0 .872 0. 935- 0 . 9 5 7 0/966 0.971
2 . 7 7 5  £ -/3604/ t ::-■;. 0 . 800 £ T 0 . 8 8 7 r £ //0/ 925: / / 0 . 9 5 0  - . 6 / 9 7 0
2. 800 3571” 0 . 415 0. 51 ?t 0.  598 0 . 6 5 0 0/702
2 . 825 35 4 0 ” ; £ 0 .111 - ':.:/ 0 . 1 5  S ’. V; V 0 . T 9 6 £ £ 0 ,  235. - 0/ 2 79'
2 .8 50  • 3509'  . 0. 019' 0. 035' 0 , 0 4 8 0/053 0/073
2,-8? 5: / / ;3478 :;T z i A M G W 1 0 . 0 1 3 /£T0 / 022 £0/ 023:
2, 900 ” 344 8 0 . 0 00 0. 000 0 . 0 00 0/002 0/ 005
2 , 925 3419' / Q.002 • " 6/001* 0, 004 0 . 0 0 0 0/000
2 . 9 50 3390 0 . 0 00 0. 00(1 0 . 0 0 6 0 . 0 0 3 . 0/022
2 . 9 75 3361 / / 0 . 0 0 2 , 0 . 0 0  0- 0 . 0 0  4 ft ftftP ; ft . ft * a
RUN NUMBER.  4 8?  4 8 8 4 89'  4 90 4 9'1
GAS C o 2 / N ? C n 2 / N 2 C 0 2 / N ? r 0 2 / N 2 C 0 2 / N 2
T E MP E R AT UR E  ( K )  28? '  285'  289'  289 289'
T O T . P R E S S . ( A T M )  2 . 0  5 . 0  4 . 0  5 . 0  6 . 0
C Ov . p D R N ( C 0 ? )  0 , 6 0 0  0 . 6 0 0  0 , 6 0 0  0 . 6 0  0 0 60 0
P a t h  L F N G T H ( C M)  1 5 . 0 0  1 5 . 0 0  1 5 , 0 0  1 5 . 0 0  1 5 . 0 0
BAND A B S C E ( MU )  0 . 1 2 8 5  0 . 1  431* 0 . 1 51 8 0 . 1  61 5 0 . 1 6 3 ? '
b a n d  a b s c e ( C m « i >  1 7 3  1 9 * 2 0 4  2 1 6  2 2 0
BAND F M I S S J V t T Y 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0
w a v e ( m u ) w a v e c c m - d  
l e n g t h  n u m b e r
2 . 4 5 0  / 4 0 8 2  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0
2 . 4 7 5  / 4 0 4 0  0 . 0 0 4  0 . 006.  0 . 0 0 6  0 .  002  0- . 000
2 . 5 0 0  / 4 0 0 0  0 . 0 0 1  0 . 0 0 V  0 . 0 0 2  0 . 0 0 0  0 . 0 0 0
2 . 5 2 5 / 3 9 6 0  0.  0 0 0  0 . 002-  0 . 0 0 3  0 . 000  0 . 0 0 0
2 . 5 5 0  / 3 9 2 2  0 ,  00.0 0 . 0 0 0  0 , 005  0 .  0 0 2  0 ' ! o 0 ? ‘
2 . 5 7 5  / 3 8 8 3  0 . 0 0 0  0 . 0 0 7 '  0 . 0 1 4  0 . 0 2 9  0 . 0 3 4
2 . 6 0 0  / 3 8 4 6  0 . 0 0 0  0 . 0 1 5 '  0 . 0 2 6  0 . 0 4 0  0 . 0 4 5
2 . 6 2 5  / 3 8 1 0  0 . 0 3 0  0 . 0 5 2  0 . 0 6 9 '  0 . 0 9 2  0 . 1 0 3
2 . 6 5 0  / 3 7 7 4  0 . 3 7 2  0 . 4 0 4  0 . 4 2 9 '  0 . 4 5 0  0 . 4 6 8
2 . 6 7 5  / 3 7 3 8  0 .  8 7 8  0 . 9 0 V  0 . 9 1 8  0 , 9 ' 3 0  0 . 9 3 7
2 . 7 0 0  / 3 7 0 4  0 . 8 0 ? '  0 .  8 7 8  0 . 9 0 9 '  0 , 9 ' 4 0  0 , 9 5 6
2 , 7 2 5  / 3 6 7 0  _ 0 .  659 '  0 . 7 5 4  0 .  81 5 0 . 869'  0 <. 89 3
2 , 750 / 3 6 3 6  0 ,  89'4 0 . 9 4 V  0 . 9 6 5  0. 9' BO 0;  9*84
/  360 4 _ 0 .  8 3 7  0 . 9 1  1- 0 . 9 5 1  0 . 9 6 7  0 . 9 7 3
2 . 8 0 0  / 3571 0 . 4 7 0  o / 5 7 i -  0 , 6 4 7  0 , 7 0 2  0 . 7 3 8
2 . 825 / 3 5 4 0 ______  0 . 1 41 0 . 1 91 0 . 241 0 . 2 9 2  0- . 315
2 , 8 5 0  / 3 5 0 9 ’ . .0,  031 . 0 .  042  0 ,  0 5 8  0 .  0 8 8  0 - . 0 7 7
7 ' 875 / 3478 0.012 0 . 0 1 9‘ 0.012 0.022 0.011
2 . 9 0 0  / 3 4 4 8  . 0 ,  0 0 6  / .  -0 . 0 0 0  0 . 000  0 .  0 0 3  0;  0 0 0 ’
RUN NUMBER 4 9 2  4 9 .1? ' 4 9 4  49*5 4 9 ^,
G &S - C 0 2 / N 2  C 6 2 / N ? :  . C 0 2 / N2  C 0 2 / N 2  - C 0 2 / N 2
T E MP E R A T UR E  ( K )  2 8 7  287 '  2 8 7  2 8 7  287 '
TOT' .  P R E S S  . ( ATM)  „  5 . 0  6«. 0
C OMP OS N( C O? )  1 , 0 0 0  1 . 0 0 0 -  1 , 0 0 0  1 , 0 0 0  1 . 0 0 0
PATH L ENGTH ( CM)  f t  5/ 0. 07f t :H  S v b O i f t  S ;  00'  - 1 5  , 00 1 5 .  00
BAND A B S C E ( MU )  - k . “ 0 ; 1 411 K" = 0/ 1  540-  0 .  1 6 4 0  0 . 1  6 9 4  ' 0 . 1  7 7 9 1
BAND A B S C E C C m- 1 )  ~ 1 9 0    207 '  22 0  2 2 7  2 3 8
BAND E M I S S I V I T Y  0 . 0 0 0 0  0 . 0 0 0 0 *  0 . 0 0 0 0  0 . 0 0 0 0  0 .  0 0 0 0 -
WAVE( MU)  WAVE ( C M - 1 )
L ENGTH ; NU MB E R1 /  .. . . .
2 . 4 5 0  / 4 0 8 2  "  0 ,  0 00 0 .  00 0 0 . 0 0 0  0 .  0 0 0  0-. 00 0
2 / 4 7 5  7  40 40 ' / 0 / 0 0 7 : % / J i b / 0 0 0 - * > - 0 / 0 0 7  / 0 . 0 0 4  0*. 0 0 0
2 . 5 0 0  / 4 0 0 0  0 . 0 0 1  0 . 0 0 0 -  0 . 0 0 0  0 . 0 0 0  0 . 0 0 3
2 . 5 2 5  / 396  0. - 0 . 0 0 0  1 /  0 . 000■ "  0 . 0 0 0  " 7 0 / 0 0 0  0/ 001
2 . 5 5 0  / 3 9 2 2  0 . 0 0 0  0 . 0 0 0 -  0 . 0 0 0  0 . 0 1 0  0 . 0 2 0
2 . 5 7 5  / 3 8 8 3  0 .  0 0 0  0 , 0 0 0 ' '  0 .  0 2 3  0 .  0 2 3  - 0 .  041
2 . 6 0 0  / 3 8 4 6  f t . 0 0 0  0 . 0 0 7 '  0 .  031 0 . 0 3 8  0*. 06-2
2 . 6 2 5 .  I 3 8 1 0  ./'' \ 0 .  0 4 2  "  0 ,  0 5 4. 0 .  0 8 7  0 , 1  04 0 . 1 3 1
2 . 6 5 0  / , 3 7 7 4  0 . 3 9 3  0 . 4 2 4  0 . 4 4 8  0 . 4 7 2  0 ; 5 0 4
2 .  675 V  3 7 3 8  ; 0 , 9 0 3 .  0 . 9 1  9' 0 . 9 3 5  0 . 9'42 /  • ..'Ov 9 5 2
2.700 / 3704 0, 873 0 , 928- 0.959' O’. 9 '6 9 ‘ O'. 981
2,7?5 / 3670 ' 0. 748 0/844 0 .902 /  0'. 925' ' . f t . /958-
2,750 / 3636 0.9'44 0.971- 0.9'82 0.984 0L 990
2.775 / 3604 , .0/9 0 8  / ; f t o / 9 6 V f t / 0 / 982: Z' 0/9*85 .. 0; 992
2 . 8 0 0  / 3571 0 .  5B5  j l -*699« _ 0 . 7 6 1  0 .  7 9 5  0*. 831
2 . 8 2 5  / 3 5 4 0  • ' ' 7) . 1 9 2 vf t b / 2 8 2 : / / T 0 . - 3 3 B  " 0 . 3 8 3  - ' ; 0;  4 3 4
2.  850 / 3509'  0 .  04 9 '  _ 0 .  067'  _ 0 . 0 8 9 '  0 . 1 1 1  0 . 1 3 7
2 , 875 f t  0 . 0 1 1  0 / 0 2 0  O'. 0 2 ? '
2 . 9 0 0  / 3 4 4 8  0 .  0 0 0  0 .  000'  0 . 0 0 0  O’. OOO 0' . Q12
2 . 9 2  5 3 4 1 9 / .  f t  0 0 0  >  0 .  0 0 0 r  0 / 0 0 0  0*. 0 0 2  0 . 0 1 6 -
2 . 9 5 0  / 3 3 9 0   . . 0 ,  0 0 0  .... 0 .  00 0* 0 . 0 0 0  0 .  0 0 3  0-. 0 0 9 ‘
2 . 9 7 5  I 3361 0 ,  0 0 0  n a  a  a ,  a  a  a  a  a  a  a  » a  „  „
242
RUN NUMBER 497 4 93 499’ 500
GAS C02/N? C02/N? C02/N? CO?/W2
TEMPERATURE(K) 289- 289' 289- 2R9
TOT.PRESS.(ATM) 2.0 3.'3 4.0 5.0
COMPOSN(C02) 0.100 0.100 0,100 0.100
PATH LENGTH(CM) 15.00 15.00 15.00 1 5. 00
BAND ABsCE(Mu) 0.0020 0 . 00 21 0.0019' 0,0036
BAND ABSCE(CMM) 5 6' 5 10
BAND EM SS!V ITY 0.0000 o Joooo 0.0000 0.0000
WAVE<MU WAVE(Cm-1)
LENGTH NUMBER
1 , BOO 5556 0,000 0, 000' 0.000 0.000
1 .825 5 479' 0,000 o. ono 0.000 0,000
1 .850 5405 0,002 0.001 o.ooo 0,000
1 .875 5333 0.004 0.004 3.000 0,000
1 .900 5263 0.005 0. 000- 0. 000 0.000
1 .925 5195 0,010 O.OOR 0.000 0,004
1 .950 5128 0,011 0,005 0.004 0,015
1.075 5063 0,008 0. 01 0.019' 0.037
2.000 5000 0,023 0. 035s 0,044 0,064
7” .' - . 2.025 4938 0,006 0. 009* 0.007 0.017
2.050 4878 0.012 0. 51 4 0.012 0.019-
. ■ 2,075 4819* 0.003 0, 500 0.000 0.000
2,100 4762 0,000 0, 000 0.000 0.000
2.125 4706. 0,001 0, ooo- 0.000 0,001
2.150 4651 0,000 0, 000* 0.000 0.000
....
RUN NUMBER 501 so? 503 534 535GAS’ C02/N2 C 0 2 / N p C02/N2 C02/N2 CO?/V?
TEMPERATURE(K> 289' 289' 289' 289 28?TOT.PRESS.(ATM) 2,0 1.5 4.0 5.0 6.0COMPOSN(CO?) 0,230 0.235 0.230 , 0.230 3.2 30
= _ . • PATH LENGTH(CM) 15,00 15.00 1 5.00 15. 00 15. 00
band ABSCE(MU) 0.0030 0.0351 0.0070 0,0085 0.0099
BAND ABSCE(CMM) 9! 1 4 19' 23 27
BAND EM SS IV lT v 0,0000 o.'o.ooo 0.0000 0.0000 0.0000
WA VE( MU W A V E < C M *•1 )
LENGTH NUMBER
L; : v 1 .800 555(5 0.000 0.505 0.000 0.000 0.000_.......... 1 .825 5479- 0,000 . 0.003 0,000 0,003 3.000- 1 .850 5405 0,000 0.005 0.000 0.003 0. 000
- 1 ,875 5333 0,000 0,303 0,0 04 0.000 3.0001 .900 5263 0.000 0,301 0.005 0,003 0. 0 00
.... . 1 ,925 5195 0,001 0.311 0.016 0,024 3. 3211 .050 5128 0.015 0.322 0.032 0. 044 3.0541 .075 5063 0,028 0.043 0,062 0.071 3. 085
f •;r.. - 2. 000 5000 0,056 0.388 0.113, 0,134 3.1582.025 4938 0,011 0. 027’ 0.037 0.042 3.0522,050 4878 0,028 0. 02A< 0, 029' 0,045 0.0562.075 4819- 0,000 0, 30» 0,000 0.000 0,0 05
2,100 4762 0,000 0. 300. 0,000 0.000 0.000
- 2,125 4706 0,000 0,301: 0,000 0.000 0.0032; 150 4651 0,000. 0, 303 0.000 0,000 0.00 0
SPECTRAL ABSORPTIVITIES
24?"!
RUN NUMBER 506 5 07' 506 509- 510
GAS C02/N2 CD2/N? C02/N2 C02/N2 C0P/N2
t e m p er a t u r e  <k > 289* >89' 289* 289’ 2 39*
TOT.PRESS (ATM) 2.0 3. ft 4.0 5.0 6-. 0
COMpOSN(COP) 0.500 ■ 0 . Iftft. 0.500 0.500 0. 500
PATH LENGTH(CM) 15.00 1 5,'Ofti 1 5.00 15,00 15.00
BAND AISCE(MU) 0. 0079' 0.f0l 0 9' 0.0142 0.0186 0.0205
BAND ABSCE(CMM) 21 • 30- 40 50 56-
BAND EMISSIVITY 0.0000 O.'OOOft- 0.0000 0,0000 0.0000
WAVE(MU) WAVE(CM* 1)
LENGTH NUMBER
1.800 / 5556 0.000 0 . 00ft. 0.000 0.000 0. 000
1.885 / 5479’ 0.000 ft . ftOft 0.000 0. 009’ 0.006
1.850 / 5405 0,000 0.00ft- 0.000 0.005 0 . 00 7
1.875 / 5333 0,000 ft.00ft. 0.005 0, 003 0/0071.900 / 5263 0.003 0 . OOfts 0.008 0.010 0.011
1.925 / 51 9'5 0.018 0.026. 0,034 0.050 0/055
1.950 / 51 28 0,037 0,054- 0,083 0, 099* 0/121
1.975 / 5063 0.06V . 0/ 093' 0.113 0,149* 0/159’
2.000 / 5000 0,120 0,178; 0.227 0.272 0/307
2.025 / 4938 0.043 0. 059' 0.066 0.091 0/09*5
2.050 / 4878 0.044 0. 057’ 0.084 0.094 0/106.
2.075 / 4819* . 0.013 0. QOS’ 0.007 0.015 0/017
2.100 / 4762 0.000 ft-. ftOft. 0.001 0.000- 0/0002.125 / 4706 0,000 0. 000' 0,000 0,000 0.0002 . 1 SO / 4651 0.000 ft, 000 o_. ooo 0.000 0.000
RUN’ NUMBER 511 51*! 513 514 515
GAS' C02/N2 c o e / N > ’. C02/N2 C02/N2 C02/N2
TEMPERATURE<K) 289' 189' 289' 289* 289* :
TOTVPRESS, (ATM) 2.0 4,0 5.0 5/7 !
COMPOSN<CO?) - : - 0/600 0.60ft* 0.600 0.600 0/600
PATH LENGTH(CM) 15,00 1 5: of t < 15,00 15.00 15.00
BAND ABSCE(MU) ' " 0,0091 0.0137 0.0179* 0.0217 0.0226*
BAND AB5CEiCM*p££ 25 36. 49' 59' 62: :
BAND EMI SSI VITY: TO/00001 O-.OOOft! 0,0000 0.0000 0,0000
WAV!(MU):= WAVEfCMM) : ■
LENGTH NUMBER (
1.800 / 5556- 0 . 0 0 0 0 /  0 0 ft { 0,000 0,000 0/000
1.825 / 5479* 0,000 0 -, 6 0 ft i 0,000 0,000 0/ 000
1.850 / 5405 0 . 0 0 0 0,00ft, 0.001 0.005 0/000
1.875 / 5333 0,002 ft /  0 0 3: 0.008 0,006 0.000
1.900 / 5263' ~ 0,003 0 . ft 011 0,006 0,0091 0/003
1.925 / 51 95’ 0, 029' 0, 033.' 0,049' 0, 059* 0/060
1.950 "7. 5128/ 0 i 0 5 0 0>. 074- 0,100 0.126 0/135
1.975 / 5063: 0.072 . 0-.10I, 0,144 0,166 0/19-3
2,000 t 5000 0,145 o . t i i s : 0,269' 0,320 0/344
2.025 / 4938 0,044 0*. ft6If 0.088 0.108 0/116-
2.050 / 4878 0 . 042: f t / 57*! 0.098 0.116 0/120
2.075 / 4819' 0,006 0.00.6. 0.010 0,020 0/018- •
2.100 / 4762 0,000 ; ft * 0 0 01 O.OQO 0.001 O/OOO
2.125 / 4706 0,000 0 . 0 0 ft. 0.000 0.003 0/000
2,150 / 4651 0.000" : o>, ft o hi 0,000 0.000 0/000 ■
7TFT
R  U  N  V U  M  B  E R 5 1 6 5 1  7 5 1 8 5 1 9 5 2 T
G A S C  0  2  /  N  ? C  0  2  /  n  ? 0 0 2 / N ? r o ? / K - 2 C  0 ?  /  N ?
T E  M p E R  A  T U R  E  (  X  ) 2 8 8 7.  P  R 2 8 8 2 8 8 ? 8 «
T O T  ,  p R E S S , ( A T M ) 2 , 0 1  .  o 4 .  0 5 . 0 6 ,  0
C O * P O S N ( C 0 2 ) 1  , 0 0 0 1  .  8  0  0 1 . 0 0 0 1  . 0 0 0 1 .  : n  o
p a t h L E N G T H ( C M ) 1 5 . 0 0 1 5 . 0 0 1 5 . 0 0 1 5 , 0 0 1 5 . 0 0
B A N D A B S C E  (  M  U  ) 0 . 0 1 3 0 0 . 0 1 R 5 0  .  0 2 3 9 ' 0 . 0 2 8 8 0 . 0 1 5 8
B A N D A 3 5 C E ( C w - 1  ) 3 6 5 1 6 5 7 9 * ? ' ?
b a n d E M I R S !  V J T Y 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 , 0 0 0 0 0 . 0 0 0 0
W A V E  < M U ) W A V E ( C M - 1 )
I E N G T H N U M B E R
1  .  B O O / 5 5 5 6 0 , 0 0 0 o . o o o 0 .  0 0 0 0 , 0 0 0 o .  n o n
1  .  8 2  5 / 5 4 7 9 ' 0 . 0 0 1 o . o o o o . o o o ’ o . o o o 0 . 0 1 3
1 , 8 5 0 / 5 4 0 5 0 . 0 0 2 0 . 0 0 0 o . o o ? 0 , 0 0 5 0 . 0 1 1
1  ,  8 7 5 / 5 3 1 3 0 ,  0 0 9 ' o . o o o 0  . 0 0 1 0 . 0 0 6 0 . 0 1 1
1  .  9 0 0 / 5 2 6 3 0 , 0 0 4 0 . 0 0 0 0 , 0 0 0 0 . 0 0 4 0 . 0 0 7
1 . 0 2 5 / 5 1  0 5 0 . 0 3 2 0  . 0 4 5 0  .  0 5 9 ' 0 .  0 7 7 0 .  0  3 7
1  . 9 3 0 / 5 1 2 8 0 , 0 7 5 0 . 1 1 0 0 . 1  4 5 0 . 1 7 9 ' 0 .  2 0 9
1  . 0 7 5 / 5 0 6 3 0 , 1 0 9 ' 0 . 1 5 2 0 , 1 9 1 0 . 2 1 8 0 . 2 5 1
2 , 0 0 0 / 5 0 0 0 0 , 1 9 6 0 . 2 8 1 0 , 3 5 8 0 . 4 1 - 6 0 .  4 7 1
2 , 0 2 5 / 4 0 3 8 0 . 0  6 5 0 .  0 9 T 0 . 1 2 1 0 , 1 4 6 0 .  1  7 2
2 . 0 5 0 / 4 8 7 8 0 , 0 6 5 0 , 1 0 6 - 0 , 1 3 4 0 . 1 7 0 0 .  1  9 1
2 . 0 7 5 / 4 8 1  9 ! 0 , 0 0 4 0 . 0 1 7 0 , 0 2 5 0 , 0 3 0 0 . 0  3 5
2 . 1 0 0 t 4 7 6 2 0 , 0 0 0 0  .  0  0  . 0 0 . 0 0 0 0 , 0 0 0 0 . 0 0 0
2 , 1 2 5 t 4 7 0 6 0 , 0 0 0 0 . 0 0 0 0 , 0 0 0 0 , 0 0 0 0 .  0 0 0
2 , 1 5 0 / 4 6 5 1 0 , 0 0 0 0  .  0 0 0 0 , 0 0 0 0 , 0 0 0 0 . 0 0 0
RUN NUMBER ' ' V ' 5 2 1 5 2 2 ‘ 5 2 3 5 2 4 525
GAS C 0 2 / N ? C 0 2 / N P ’ C 0 2 / N 2 C 0 2 / N 2 C 0 2 / N 2
T E M P E R A T U R E ( K ) ~ ” 2 8 8 ^ £ p, 8y ' 2 88 ' 28 8 288
T O T , P R E S S ,  ( ATM) 2 . 0 3 . O' 4 , 0 5 . 0 6 ,  0
C O MP O S N ( C 0 2 )  "7 1 . 0 00 Y ' 1 / 0  00' ' Y 1  . 0 0 0 :  i Y o o o " 1;  000
PATH L E N G T H ( C M ) 1 5 . 0 0 ' 1 5 , 0 0 ...... 1 5 . 0  0 ... __ 1 5_. 00 1 5 . 0 0
BAND A BS C E ( M U) 0 . 1 4 1 1 0 . 1 5 49< 0 . 1 6 0 7 0 . 1 6 8 8 0 . 1 7 4 7
. B A N D . ABS  C E ( CM-1 >/  ' 1 9 0  "•f /  : 2 0 8* . r - r n 7 . 2 26 234
8 A No EMT/SS t  V :I T Y y / r O/ OOOO/ f Yoroooo- " > 0 . 0 0 0  0 0 . 0 0 0 0 0 , 0 0 0 0
... W A VEX MU j  - WAVE (C M.§m y ; y y - „  " T- ' —* s -
L E N G T H  N U M B E R
Y y ’ S f l : 2 , 4 5 0 "  / ' / 4 0 8 2  y y y y O T O T O y y f S . O *  0 0  0 ' 7 '  0 . 0 0 0 0 . 0 0 0  " y o *  o o o
.  4  ?  5 / 4 0 4 0 0 . 0 0 2 0  .  0 0 8 . 0 . 0 0 4 0 . 0 0 0 0 * 0 0 3
2 . 5 0 0 . Y : Y 1 4 0 0  0 m i - m m o t j & m o o  9 1 : Y  c / b o s 0 ,  0  0 4 ' ' r  7  0 7 0  0 5
2 . 5 2 5 / 3 9 6  0 0 . 0 0 6 O ' .  0  0  8 . 0 . 0 0 0 0 . 0 0 3 0 * 0 0 5
7 Y ' Y Y r Y - - - y - £ -'v - - 2 / 5 5 0 7 / / : Y ' 3  9 2  2 7 7 : 7 y i o : Y d : b : 4 : n 7 r b > ; o o , 7 - 7 7 7 0 / 0  0 7 : 7 Y 7 0  * 0 0 . 0 7 7 :  7 b ; .  0 1  2
2 .  5 7 5 / 3 8 8 3 0 , 0 1 1 0 .  0 1  3 ' 0 .  0 0 9 * 0 *  0 1  4 0 *  0 1  9
f / y Y :  > - '  2 . 6 0 0 y / 7 . 3 8 4 6  y : : - Y d ; t ) 0 8
y y  d *  0 2 4 ? - 7  '  0 7  0 1 9 ' " , 0 .  0 2 6 - < y  0 * 0 3 5
2 ,  6 2 5 / 3 8 1  0 0 , 0 7 6 0 . 0 9 -1 ’ 0 . 1 0 2 0 , 1 2 2 0 * 1 4 3
I F . C ’Y Y  : 7  *• Y  2 ,  6 5  0 . 7 • 3 7 . 7 4 7 7 ’ .  . • P , 4 4 6 7 7 /  0 ' .  4 8  5 r 0 , 4 9 6 '  . 0 *  5  2  2 : 7 . - - - > 6 * 5 5 0
2 . 6 7 5 / 3 7 3 8 0 . 8 9 4 0 . 9 2  6 < 0 . 9 2 2 0 . 9  4 7 0 * 9 4 4
2 1 7 0 0 : Y / . > 5 7 0 4 : 7 7 .7 / 7 / 0 * 8 3 6 7 . . Y - - 0 ,  : 9  0  5 ' . . -  0 , 9 3 6 . . -  0 . . ,  9 . 6 ' i  . 7 ; , 7 0 * ? 7 8
2 .  7 2 5 / 3 6 7 0 0 . 7 4 5 0  .  8 4 4 > 0 ,  8 8 6 ' 0 . 9 3 1 0 * 9 5 2
: 2  . 7 5 0 " 7 3  6 3  6 7 ' ; Y  7 6 * 9 - 3 2 7 " 0 .  9 7 2 : .............. 7 0 / 9 7 7 7  . 0  V  9 ‘B 9 V  i 7  . 0 /  9 9 * 3
2 .  7 7 5 / 3 6 0 4 0 .  8 7 9 ' 0 .  9 4 1 0 , 9 5 9 ' 0 , 9 7 7 .0 * 9 ' 8 3
’- ~ r  . 2 . 8 0 0 ' . / . 3  5  7 1 7  Y  0 , 5 3 0 " r  ,  n  .  6 4  6 / 7 , 0  .  7  0 4  : 7  " Y D , 7 6 1 7 7  0 * 7 9 8
2 .  8 2 5 / 3 5 4 0 0 . 1 7 7 0 .  2 4 5 ' 0 . 3 0 4 0 , 3 5 6 0 *  3 9 5
V . Y / Y i . m ' ; - ;  .  r '  2 . 8 5 0 7 /  3 5  0  9  ‘  Y . 0 . 0 4 8 - . / J O ,  0 6 8 / - 7 7 0 * 0 8 4 7  0 . 1 0 5  ; . 7 0 * . 1 2 9 '
2 .  8 7 5 / 3 4 7 8 0 . 0 1 9 ' 0 .  0 1  2 ' 0 . 0 2 0 0 . 0 2 2 0 *  0 3 0
H E & J ' i S ' Z z  7  * / , ' 2 . 0 0 0 : 7 y 3 4 4 8  Y 7  7  0 1 0 1 7 /  Y  b .  o o  o 7 0 / 0 0 1 6 7 0 0 6 7 0 * 0 0 5
2 . 9 2 5 / 3 4 1 9 ' 0 , 0 0 7 o . o o o * 0 . 0 0 0 0 * 0  0 0 0 * 0 1 0
; 5;"r  -.7 * r7 - .. 7 . 2  7 9 5 O r 1 7 3 3 9  W m - -  o * o o o : Y i n 7 o  o n 7 y  7 o , o o o T O  * 0 0 0 7 0 * 0 0 0
2 ,  0 7 5 / 3 3 6 1 0  .  0 0 6 0  .  0 0 0 ’ 0 , 0 0 0 0 . 0 0 0 0 , 0 0 3
? Y Y :  . 3 ,  0 0 0 / 3 3 3  3  " ' " ‘7  0 , 0 0 0 7 . 0 ,  0 0 0 ' , 0 . 0 0 0 0 . 0 0 0 , 7 0 .  0 0 0
RUN NUMBER 5 2 6 5 2 7 52 8 5 2 9 5 5 0
GAS C 0 2 / N ? CO? /  w> C n 2 / ni ? C0 2 / W? C 0 ? /  N ?
t e m p e r a t u r e ( K) 2 8 7 ‘ 2 8 7' 2 8 7 2 8 7 2 9 7
T O T , P R E S S . ( A T M) 2 .0 3 . 0 4 . 0 5 . 0 6-. 0
COMpOSN( CO?) 1 .0 0 0 1 , no n 1 .0 0 0 1 . 0 0 0 1 . 0 0 0
p a t h  LENGTH( CM) 1 5 . 0 0 1 5 . 0 0 1 5 . 0 0 1 5 . 0 0 1 5 . 0 0
BAND ASSCE( MU) 0 , 0 1 5 7 0 . 0?OA 0 . 0 2 5 7 0 , 0 3 0 6 0 . ft 5 46
BAND ABS CE ( Cw* 1 ) 42 56 69* 82 ? '3
BAND EMI SSI  VI TV o . o o o o 0 . 0 0 0 0 0 ,0000 0 ,0000 0 .0 0 0 0
WAVE (Mil) WAVE < C m- 1 )
LENGTH NUMBER
1 , 8 0 0  / 55 56 0 , 0 0 0 o . ono o.  non 0 . 0 0 0 0 . 0 0 0
1 , 8 2 5  / 5479 0 . 0 0 ? o . ooo- 0 , 0 0 0 0 . 0 0 0 0 . 0 0 o
1 . 8 5 0  / 54 05 0 , 0 0 3 0 . 0 0 0 0 . 0 0 0 0 , 0 0 0 0 . 0 0 0
1 . 8 7 5  / 5 3 3 3 0 , 0 0 3 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 o.  ooq
1 . 9 0 0  / 5 2 6 3 0 , 0 0 7 0 . 0 0 6 0 , 0 0 0 0 . 0 0 0 0 . 0 0 7
1 . 9 2 5  / 51 9*5 0 , 0 4 1 0 . 05? 0 . 0 6 9 0.  087 0 . 1 0 0
1 . 9 5 0  / 5 1 2 8 0 , 0 8 7 0 , 1 2 0 0 . 1 4 6 0 . 1  82 0 . 2 1 5
1 , 9 7 5  / 5 0 6 3 0 , 1 1 8 0 , 1 5 8 0 . 2 0 6 0 . 2 2 7 0 . 2 5 ? ’
2 . 0 0 0  / 50 0 0 0 , 2 1 3 0 . 291 0 , 3 5 0 0 . 4 1 0 0 . 4 5 6
2 . 0 2 5  / 49 3 8 0 . 0 8 6 0 . 1 1 5 0 . 1 4 5 0 . 1  77 0.  1 95
2 . 0 5 0  / 4 8 7 8 0 , 0 7 7 0 . 1 1 ? 0 . 1 3 9 ' 0 , 1 6 7 0 . 1  ?«?
2 . 0 7 5  / 48 1 ? 0 , 0 1 ? ' 0 . 0 2 6 0 . 0 3 1 0 , 0 3 9 0 . 0 3 ? '
2 . 1 0 0  / 67 6 2 0 . 0 1 4 0 . 0 1 ? 0 . 0 1 3 0 . 0 1 6 0 . 0 1 3
2 . 1 2 5  / 4 7 0 6 0 . 0 0 0 0 . 0 0 0 0 .  ooo 0 . 0 0 0 0 . 0 0 3
2 . 1 5 0  / 4651 0 , 0 0 0 0 . 0 0 0 0 . 0 0 0 0 , 0 0 0 0 . 0 0  0
SPECTRAL A B S O R P T I V I T I E S
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, • 11 M »; 11 / ' P 3 1 4 51 7
<■ A S C(\ / f.| > rn / c?
T l-ni'l- P A T OKI < * > ?Q » 20(i
l i lT.P R | SS . ( A 7 i 5 2 . 0 3. 0
composv ( r o ) 1 . 00  A 1 . 0 0 0
■’ATH LFfJ o i h ( n o 9 . 3? 0 . 32
1= A M 0 A ft S C {- (Hi)) 0 . 01 6 4 0. 0229
n A u D A f> S C r ( C ' I -  1 ) 29 4 0
r a ho h mi o s t v i r  v n . 0 0 0 0 0 . 0 0 0 0
V A V F ( M11) A V If ( C M-1 )
I f M r, T H 0 UM 0 f: R
2.225 / 4 40 4 0 . 001 0. 002
7.2 5 0 / 4 4 4 4 >. 00a 0 .000
7.275 / 4 3 0 6 0 .019 0. 022
2.3 on / 4 3 4 6 0.144 0.211
£ 3 2 5  / 4 301 0. 174 0. 248
2 . 3 5 n / 42 5 5 0 . 14  6 0. 199
2.375 / 421 1 0 . 063 0.  074
2.40R / 416 7 0 .015 0 . 0 3 7
2.425 / 41 2 4 0 . 0 0 3 0 .035
2.450 / 4 0 -H 2 0 . 015 0 . 0 3 4
2.475 / 40 4 0 0 . 015 0. 009
2.500 / 4 () 0 0 0 . 008 0. 005
2.525 / 39 6 0 0 . 0  29 0. 014
2.550 / 3922 0.00  0 0 . 000
2.575 / 3 8^3 0 . 008 9.  0 0 0
2.600 / 38 46 0 . 0 0 0 0 . 0 0 0
PUN NUMBER 4 0 7 408 409 4 1 0 411
GAS CO/  N? C 0 / N 2 C O/ N? C 0 / N 2 C O/ N?
T E M P F R A T U R E ( K ) 2 8 8 2 8 8 2 88 2 8 8 2 88
T O T . P R E S S . ( A T M ) 1 . 5 2 . 0 3 . 0 • 4 . 0 4 . 3
COMPOS U( CO) 1 . 0 0 0 1 . 000 1 . 0 0 0 1 . 0 00 1 . 0 0  0
PATH L F N 0 T H ( C M ) 9 . 3 2 9 . 3 2 9 . 3 2 9 .  32 9 .  3?
R A N 0 A R S C E ( M U ) 0 . 0 1 5 0 0 . 0 1 5 3 0 . 0 2 0 9 0 . 0 2 5 0 0 . 0 2 8 4
RAND AP - S C E C C M- 1 ) 2 8 28 39 4 6‘ 5?
RAND E M I S S T V I T Y 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0 0 0 "
WAVE(MU)  WAVECCM- 1 >
- ■
LENGTH NUMBER
2.  2 00 / 4 5 4 5 0 . 0 0 0 0 . 0 0 1 0 . 0 0 4 0 . 0 0 0 0 . 0 0 n
2 . 2 2 5 / 4 49 4 0 . 0 0 6 0 . 0 0 0 0 . 0 1 0 0 . 0 0 0 0 . 0 1 8
2 . 2 5 0 / 4 4 4 4 0 . 0 1 3 0 . 0 0 3 0 . 0 2 1 0 . 0 0 8 0 . 0 1 1
2 . 2 7 5 / 4 3 9 6 0 . 0 2 9 0 . 0 1 8 0 . 0 2 3 0 . 0 2 1 0 . 0 2 5
2 .  300 / 4 34 8 0 . 1  06 0 . 1 29 0 . 1 8 1 0 . 2 2 0 0 . 2 4 3
2 . 3 2 5 / 4301 0 . 1 3 3 0 . 1 7 2 0 . 2 5 4 0 . 3 1 4 0 . 3 5 7
2 . 3 5 0 / 4 2 5 5 0 . 1 1 5 0 . 1 4 7 0 . 7 1 ? 0 .  2 6 3 0 . 2 3 5
2 . 3 7 5 / 421 1 0 . 0 6 6 0 . 0 6 5 0 . 0 8 5 0 . 1 0 4 0 . 1 2 5
2 . 4 0 0 / 4 1 6 7 0 . 0  39 0 . 0 3 2 0 . 0 1 4 0 . 0 3 1 0 . 0 4  0
2 . 4 2 5 / 4 1 2 4 0 . 0 1 0 0 . 0 2 3 0 . 0 1 0 0 . 0 1 3 0 . 01 R
2.  4 50 / 4 0 8 2 0 . 0 2 7 0 . 0 0 4 0 . 0 1 1 0 . 0 1 1 0 . 0 0 0
2 . 4 7 5 / 4 0 6 0 0 . 0 0 9 0 . 0 0 2 0 . 0 0 2 0 . 0 1 9 . 0 . 0 1 2
? .  500 / 4 0 0 0 0^. 024 0 .  00 0 0 . 0 0 2 '• 0 . 0 0 0 ’ 0 . 0 0 0
2 . 5 2 5 / 39 6 0 0 .  0 2 5 0 . 0 2 0 0 . 0 1 6 . 0 . 0 1 1 0 . 0 0 0
2 . 5 5 0 / 3 9 2 2 0 . 0 1 9 0 .  00 4 0 . 0 1 ? 0 . 0 0 0 0 . 0 0 3
2 . 5 7 5 / 3 8 8 3 0 . 0 0 0 0 .  000 0 . 0 0 0 0 . 0 0 0 0 . 0 1 5
2 . 6 0 0 / 3 8 4 6 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 n 0 0 . 0 0 0
247
t i Ml* *$»' k 4 1 2 41 3 4 1 4 41 5 4 I 6
< s f 0 / N 2 c o / u ? r o / -i 2 CO/M/ Cm / m /
i e  m p r k ,ATtlkF ( v ) 5 0 0 5 00 S 0 (I 5 0 0 5 )'
T (1 T . p U (-S r> . < A T !•*■) 1 . 5 2 . u 3 . 0 4 . 0 4 . 5
r oM post- ( C O) 1 . 0 0  0 1 . 0 0 0 1 . t) 0  0 1 . 0 o o 1 , 00 . .
[> A T H L E N G T H ( C M) 6 . 3 2 9 . 32 9 . 32 6 . 3 2 6 . 3 /
[,.AHD A R S C F ( M l l ) 0 . o 0 4 3 0 . 00 7 7 0 . 0 0 8 5 0 . (M 20 0 . '.11 61
RAND A P S C E ( C M - 1 ) 8 1 5 16 23 56
P. AND F MI S S I  V I T Y 0 . 0 0 0 0 0 . 0 0 0 1 0 . 0 0 01 0 . 0 0 01 0 . 0 0 01
WAVE(MU ) M A V fc ( C ^  -1 )
I F N G T H M u M B F R
? .  ? v » / 4 A 4 4 0 . 0 0 0 0 . 0 o 4 0 . )00 0 . Ono 0 . 0 v>6
2 . ? 7 5 / 4396 0 . 0 0 7 0 . 0 0 7 0 . 11 0 0 . 0 0 2 0 . 0 2  *
2 . 3 0 0 / 4348 0 . 0 6 1 0 . 0 6 7 0 . 1 06 0 . 1 4 5 0 . 1 7  it
2 . 3 2 5 / 4301 0 . 0 4 ? 0 . 0 6  7 0 . 1 0  0 0 . 1 2 7 0 . 1 5 5
2 . 3 '3 0 / 4 2 5 5 0 . 0 4 5 0 . 0 6  8 0 .  0 80 0 . 1  29 0 . 1 56
2 . 3 / 5 / 4211 0 . 0 2 3 0 . 0 4 8 0 . 0 4 8 0.  0 80 0 . 06 8
2 . 4 0 0 / 416 7 0 . 0 0 0 0 . 0 2 0 0 . 0 0 5 0 . 0 1 5 0 . 0 2 8
2 . 4 2 5 / 4124 0 . 0 0 0 0 . 0 0 5 0 . 0 0  0 0 . 000 0 . 0 1 3
2 . 4 5 0 / 40 82 ‘ 0 . 0 0 0 0 . 0 2 2 0 . 0 0 0 0.  000 0 . 0 0 3
2 . 4 7 5 / 404 0 0 . 0 0 0 0 . 0 0 6 0 . 0 o 0 0 . 0 0 1 0 . 011
2 . 5 0 0 / 40 0 0 0 . 00 6 0 . 0 1 3 0 . ooo 0 . 0 0 0 0 . 0 0  0
2 . 525 / 3960 0 . 0 0 0 0 . 003 0 . 0 0 0 0 . 0 0  0 0 . 0 0 3
2 . 5 5 0 / 3922 0 . 0 0 0 0 . 0 0 0 0.  0 00 0.  00 4 0 . 0 0 7
2.  575 / 3883 0 . 0 0  0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 2 0 . 0 0 0
2 . 6 0  0 / 3 8 46 o . o o o 0 . 0 0 0 0 . 0 0 0 0 . 000 0 . 0 0 0
RUN NUMBER 417 41 8 419 420 4 21
GAS C 0 / N 2 C O/ N2 CO/ N2 CO/ N2 C 0 / N ?
T F M P F R A T U R E ( K ) 700 70 0 7 0 0 7 0 0 700
T O T . P R E S S . ( AT M) : 1 . 5 . 2  VO 3 . 0 4 . 0 4 . 5
COMP OS N( C O) 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . ooo 1 . 0  00
PATH L E N G T H ( C M)  . 9 . 3 2 V / I Y .  9 , -32 9 . 3 2 9 . 3 2 6 . 32
BAND A B S C E ( M U ) 0 . 0 0 3 4 _ 0 . 0 0 6 8 0 . 0 0 8 8 0 . 0 2 1 0 0 . 0 1 5 1
PAND ABSCE.  ( C M - 1 ) 6 1 3 1 7 37 28
RAND E M I S S I V I T Y 0 .  0 0 0  2 0 . 0 0 0 4 0 . 0 0 0 5 0 . 0 0 1 3 0 . 0 0 0 9
WAVE (MU') WAVECCM- 1 f t
,
I . ENGTH NUMBER 1 ... . :-
2 .  200 / 4 5 4 5 0 . 0 0 0 0 . 0 1  3 0 . 0 0 0 0 . 0 0 4 0 . 0 0 0
2 .  225 / 4 4 9 4 - 0 . 0 0 0 0 . 0 0 0  . 0 . 0 0 3 10. 0 19 0 . 0 2 6
2 . 2 5 0 / 4 4 4 4 0 . 0 0 4 0 . 0 0  7 0 . 0 0 2 0 . 0 2 4 0 . 0 0 0
2 . 2 7 5 / 4 3 9 6 0 . 0.1 9 0 . 0 2 5 ' 0 . 0 1 7 0 , 0 4 1 0 . 0  53
2 . 3 0 0 / 4 3 4 8 0 . 0 4 ? 0 . 066 0 . 1 1 0 0 . 1 3 8 0 . 1 5 1
2 . 3 2 5 / 4301 0 . 0 2 8 0 . 0 6  0 0 . 0 7 3 0 . 1 1 3 .. 0 . 1 1 4
2 . 3 5 0 / 4 2 5 5 0 . 0 2 5 0 . 06 0 0 . 0 7 1 0 . 1 1 6 0 . 1 2 2
2 . 3 7 5 / 4211 0 . 0 1 6 "  0 , 0 2 4 0 . 0 3 6 0 . 0 8 6 0 . 0 8 2
2 .  400 / 4 1 6 7 0 . 0 0 6 0 . 0 0 9 0 . 0 2 8 0 . 0 6 5 0 .  0 462 . 4 2 5 / 4 1 2 4 . . 0 . 0 0 0 %  ‘ 0 . 0 1 6 0 . 0 1 2 " 0 . 0 2 6  . 0 . 0 1 1
2 . 4 5 0 / 4 0 8 2 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 0 1 9 0 . 0 0 0
2 . 4 7 5 / 4 0 4 0 0 . 0 0 0 , 0 . 0 0 0 0 . 0 0 2 0 . 0 5 1 0 , 0 0 0
2 . 5 0 0 / 4QO0 0 . 0 0 0 0 . 0 0 1 0 . 0 0 0 0 . 0 2 3 0 . 0 0 0
2 . 5 2 5 / 39 6 0 b . o o o 0 , 0 0 0 0 . 0 1 5 0 . 0 5 7 0 . 0 0 3
2 . 5 5 0 / 3 9 2 2 0 . 0 0 0 0 . 00 6 0 . 0 0  3 0 . 0 3 5 0 . 0  06
2 . 5 7 5 / 3 8 8 3 - 0 . 0 0 0 - . , - 0 . 0 0 7 0 . 0 0 0 0 . 0 2 5 0 .  000
2 . 6 0 0 / 3 8 4 6 0 . 0 0 0 0 . 0 0 0 0 , 00 0 0 . 0 0 0 0 . 0 0 0
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1J M Ml |t*B »• « 42 ? 42 3 42 4 4 25 4 2 8
GAS r n  / rg? ( 0 / fv'2 C O/ N? CO/ V? C 0 / N 2
f ! •; M p r K A I 11 P F ( Y ) 9 OR 9 0 0 ' Bi l l 9 0 0 9 0 0 i
T 1' T . o |< f S S . ( A T M ) 1 . 5 2 . 0 3 . 0 4 . 0 4 . 5
COM pi'lSf1' ( C 0 ) 1 . 000 1 . 0 o U 1 . 0 0 0 1 . 0 0 0 1 . 000
PATH ( F N G T H ( C M ) 9 . 3 ? 9 . 3 2 9 . 3? 9 . 3 2 9 . 3 ?
BAWD AH SC F (MU) 0 . 0 0 4 0 0 . 0 0 6 0 0 . 0 0 9 0 0 . 01 6 5 0 . 0 0 8 7
RAND A P S C E ( C M- 1 ) 7 11 16 30 16
h a n d  e m i s s i v i t y 0 . 0 0 0 6 0 . 0 0 1 0 0 . 0 0 1 4 0 . 0 0 2 6 0 . 0 0 1 3
WAV F ( MU) WA V E ( C M- 1 )
I E N G T H NUMBER
2 . 2 5 0 / 4 4 4 4 0 . 0 1 2 0 . 0 0 0 0 . 0 0 0 0 . 0 1 6 0 „ 0 0 0
2 . 2 7 S / 4 39 6 0 . 0  ()0 0 . 0 0 2 0 . 0 0 5 0 . 0 4 7 0 . 0 1 3
2 . 3 0 0 / 4 3 48 0 . 0 3  3 0 . 0 4 9 0 . 0 7 4 0 . 1 1 7 0 . 1 1  ('
2 . 3 2 5 / 4301 0 . 0 1 3 0 . 0 3 5 0 . 064 0 . 1 1 5 0 . 0 8 ?
2 . 3 5 0 / 4 2 5 5 0 . 0 2 7 0 . 0 5 5 0 . 0 5 1 0 . 0 9  7 0 . 0 5 1
2 . 3 7 5 / 421 1 0 . 0 2 8 0 . 0 1 3 0 .  049 0 . 0 7 y 0 . 0 4 7
2 . 4  00 / 4 1 6 7 0 . 0 1 2 0 . 0 1 3 0 . 0 3 4 0 . 0 4 3 0 . 0  27
2 . 4 2 5 / 4 1 2 4 0 .  009 0 . 0 1  3 0 . 0 3 7 0 . 0 2 4 0 . 0 1 7
7 . 4 5 0 t  4 0 8 2 0 . 0 0 9 0 . 0 2 8 0 . 0 1 9 0 . 0 2 0 0 . 0 0 2
2 . 4 7 5 / 4 0 4 0 0 . 0 0  0 0 . 0 0 7 0 .  020 0 . 0 3 3 0 . 0 0 o
2 . 5 0 0 / 4 0 0 0 0 . noo 0 . 0 0 6 0 . 0 0 0 0 . 0 3 9 0 .  0 0 0
2 . 5 2 5 / 39 6 0 0 . 0 0 8 0 . 0 3 1 0 . 0 0 0 0 . 0 2 0 0 . 0 0 0
2 . 5 5 0 / 3 9 2 2 0 . 0 0 1 0 . 0 0 9 0 . 0 0  4 0 . 0 1 1 0 . 0 0 0
2 . 575 / 3 8 8 3 0 . 0 1 0 0 .  0 0 0 0 . 0 0  3 0 . 0 1 1 0 . 0 0 0
2 . 6  00 / 3 8 4 6 0 .  0 00 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 0 0 0 *
RUN NUMBER" 531 53 2 53 3 534
-■
GAS -• .-.v ; r r_: - ^ CO/ N 2 [['£ C O / N 2 . CO/ N 2 £  - C O/ N2  , 3
T E M P E R A T U R E ( K ) 2 8 7 2 8 7 2 8 7 2 8 7
T O T  . P R E S S .  ( ATM)  ". . r . 2 , 0 [ £ £ ‘£ 3 v b ' [  £ ' £ 4 . 0 ^  - - -
C OMP OS N( C O) 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0
PATH L E N G T H ( C M )  " 1 5 / 0 0 .['• [ - 1 5 . 0 0 1 5 . 0 0 . 1 5 , 00 : ; " .
B A N D A R S  C E ( M U b ; . b 2 6 4 : " ; £ [ . 0 3 r £ " “ [ 0 . 0 4 1  £
BAND A B S C E ( C M - 1 ) 49 59 77 82
BAND EM I S S I  V I T Y 0 . 0 0 0 0 0 . 0 0 0 0 0 . 0  0 00 o . o o o o
-
WAVE (MU)  WAVE ( C M - 1 )
1 C M r  f  U ....... -Ml iMBCn .
- - - - .
2 . 1 0 0
IV U-l’I.D-Cn.z-r—
4 7 6  2 o . o b o ' "o. obo
... -
o . o o b "
2 . 1  25 ' 4 7 0 6  £ 7 “ ~ 0 . £ b 0 6  [: £ I o . : o l ) 5 £ ' £ b [ ; b Q 6 - : £ £ o £ :o o o £ £ ; =
2 . 1 5 0 46 51 0 . 0 1 6 0 . 0 2 5 0 . 0 1 7 0 . 0 1 4
2 . 1 7 5 4 59 6 ' £ [ 0 . 0 2 2 ' :r*' 0 .  0 2 4  ' 0 . 0 2 5 £ £ :  o . 0 2 7  -: £ >  “
2 . 2 0 0 4 5 4 5 0 . 0 2 5 0 . 0 2 1 0 .  0 2 8 0 . 0 2 5
2 . 2 2 5 £ 4 4 9  4 '  .£.?■£ 0 . 0 2 7 £ £ .  () . 0 2 9  . , 0 . 0 2 9 0 . 0 2 8  £
.. - .. _ '■=§
2 . 2 5 0 4 4 4 4 0 . 0 2 8 0 .  0 3 0 0 .  0 3 2 0 . 0 2 6
2 . 2 7 5 1 43 9  6 .: :  £ . 0 . 0 3 8 : £ £ b .  0 3 8  ' 0 .  0 5 2 £  0 . 0 4 6  £ i
2 . 3 0 0 43 4 8 0 . 1 8 3 0 . 2 3 0 0 . 3 0 6 0 . 3 3 0
2 . 3 2 5 , 4 3 o i : £ ,  : £ £ 0 . 2 5 8 0 . 3 5 1  £ ; o. [ 4  5 i £ £ : o . 5 d 0  ; £
2 . 3 5 0 4 2 5 5 0 . 2 2 6 0 .  3 0 7 0 ,  39 6 0 . 4 3 9
/ ’ '
2 . 3 7 5 4211 £ 0 . 1 1 8 , : £ 0 . 1 , 3 9  ... . , 0 . 2 0 6 . . y ' J t i .  2.1 i
2 . 4 0 0 4 1 6 7 0 . 0 5 3 0 . 0 4 3 0 . 0 6 5 0 . 0 6 7 -
2 . 4 2 5 4 1 2 4 " ' 0 . 0 2 3 [ ; [ £ 0 . 0 1 3 £ £ £ 0 . 0 2 5 “£:  0 . 0 2 5
2 . 4 5 0 4 0 8 2 0 .  0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 4 7 5 [ 4 0 4 0  _ \ - 0 . 0 0 0 . £  0 . o b o £ £ £ 0 : 0 0 0 0 . 0 0 0 ■ I
2 . 5 0 0 4 0 0 0 _ 0 . 0 0 0 0 . 0 0 0 . 0 , 0 0 0 0 . 0 0 4
2 l $ 2 5 \ £ :£ [3 0 6 i [ Q : b 0 4 > £ : b ; b o i  - 0 . 0 1  2 £ £ - . 0 . 0 0 4
2 . 5 5 0 39 22 0 . 0 1 3 0 . 0 0 1 0!  01 4 0 .  0 0 3
2 . 5 7 5 3 8 8 3 0 . 0 2 5 0 . 0 1 4 0 . 0 1 4 0 . 0 1 6 ". £
2 . 6 0 0 3 8 4 6 0 . 0 0 0 0 . 0 0 0 0 - 0 0 0 o „ n n o
249
RUN NUMBER 196  1 9 7  199  ?01 ? ( K
GAS H ? 0 / N ?  H 2 0 / N 2  H ? 0 / N ?  H 2 0 / N 2  H ? 0 / N ?
T F M p F R A T 11« F ( k* ) 500 500 60 0 500 5 On
t o t  . PRF S S . ( ATM) 1 . 5 2 . 0 3 . 0 4 . 0 6 . 0
COMPOS N< H2 0 ) 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . non
PATH I . F NGT H( CM) 9 . 32 9 . 3 2 6 . 3? 9 . 3 2 6 . 3 ?
WAVE( MU) WAVE ( C M- 1 )
I E N G T H NUMBFR
1 . 725 / 5 7 6 7 0 . 0 5 4 0 . 0 1 8 0 . 0 2 6 0 . 0 7 1 0 . 0 0 ?
1 . 7 5 0 / 5 7 1 4 0 . 0 8 4 0 . 0 6 2 0 . 0 6 ? 0 . 0 8 2 0 . 0 3 4
1 . 775 / 56 34 0 . 1 1 3 0 . 1 2 4 0 , 1 5 5 0 . 1 9 9 0 . 2 0 0
1 . 80 0 / 5 5 6 6 0 . 2 0 7 0 . 2 5 1 0 . 353 0 . 4 0 9 0 . 469
1 . 8 2 6 / 5 4 7 9 0 .  306 0 . 3 8 1 0 .  489 0 . 6 0 4 0 .  701
1 . 850 / 5 4 0 5 0 . 3 1 2 0 . 3 8 5 0 . 49 6 0 . 6 0 9 0.  70u
1 . 8 7 5 I 5 3 3 3 0 . 2 5 7 0 . 3 2 9 0 . 4 4 2 0 .  536 0 . 6 5 5
1 . 9 0 0 / 5 2 6 3 0 . 2 4 6 0 . 3 2 1 0 .  431 0 . 5 3 7 0 . 6 4 0
1 . 9 2 5 / 5 1 9 5 0. 229 0 . 2 8 3 0 .  381 0 . 4 5 8 0 . 5 7 1
1 , 9 5 0 / 5 1 2 8 0 . 1 3 7 0. 164 0 . 2 1 7 0 . 2 7 1 0 . 3 1 3
1 . 9 7 5 / 5 0 6 3 0 . 0 6 0 0. 055 0 . 1 1 3 0 . 0 8 8 0 . 1 2 8
2 .  000 / 5 0 0 0 0 . 0 3 1 0 . 0 3 4 0 . 0 6 3 0 . 0 5 3 0. 048
2 . 0 2 5 / 4 9 3 6 0 . 0 2 9 0 . 0 1 5 0 . 0 3 5 0 . 0 0 7 0 . 0 1 4
2 . 0 5 0 / 4 8 7 8 0 . 0 2 6 0 . 0 3 2 0 . 0 4 6 0 .0 0 0 0 . 0 2 1
2 . 0 7 5 / 4 8 1 9 0 . 0 3 2 0 .  0 0 7 0 . 0 32 0 . 0 0 1 0 . 000
2 . 1 0 0 / 4 7 6 2 0 . 0 2 0 0 . 0 2 0 0 , 0 3 3 0 . 000 0 . 0 0 ?
RUN NUMBER 2 0 5 2 0 7 2 0 9 211 21 3
GAS H 2 0 / N 2 H 2 0 / N 2 H 2 0 / N 2 H 2 0 / N 2 H2 0 /  N2
T E M P E R A T U R E ( K ) 7 0 0 7 0 0 7 0 0 7 0 0 70 0
T O T . P R F S S  . ( ATM) 1 .  5 2 . 0 3 . 0 4 . 0 5 . 0
C OMPOS N( H 2 0 ) 1 . 0 0 0 1 . 0 0 0 1 .  0 0 0 1 . 0 0 0 1 . 0 0 0
PATH. L F NGT H ( CM) 9 ,, 32 9 . 3 2 9 .  32 9 . 3 2 9 . 3 ?
WAVE( MU) WAVE ( C M- 1 ) -  ' ■-
L FNGTH -7 . NUMBER - ‘ -
1 . 7 2 5 / 5 7 9 7 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 0 0 0 0 . 0 0 0
1 . 7 5 0 / 5 7 1 4 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 1 6
1 . 7 7 5 / 5 6 3 4 0 . 0 4 5 0 . 0 4 9 0 . 0 7 5 0 . 1 6 1 0 . 1 8 1
1 . 8 0 0 / 5 5 5 6 0 . 1 2 5 0 . 1 3 9 0 . 2 2 3 0 . 3 2 8 0 . 3 8 9
1 . 8 2 5 / 5 4 7 9 0 . 1 5 9 0 . 1 8 7 0 . 2 8 6 0 . 4 1 2 0 .  478
1 . 8 5 0 / 5 4 0 5 - 0 . 1 5 7 0 . 1 8 7 0 . 2 8 5 0 . 3 9 9 - - 0 . 4 7 0
1 . 8 7 5 / 5 3 3 3 0 . 1 2 1 0 . 1 3 9 0 . 2 0 0 0 . 3 0 5 0 . 4 1 1
1 . 9 0 0 / 5 2 6 3 0 . 1 4 1 :• 0 . 1 5 4 0 . 2 4 3 0 . 3 4 4  ....v ;  0 . 4 1 1
1 , 9 2 5 / 5 1 9 5 0 . 1 3 6 0 . 1 5 3 0 .  2 3 4 0 . 3 3 8 0 .  4 2 6
1 . 9 5 0 / 5 1 2 8 0 . 0 8 3  ' 0 . 0 9 7 0 . 1 4 0 0 . 1 9 5 0 . 2 6 1
1 . 9 7 5 / 5 0 6 3 0 . 0 4 0 0 . 0 3 5 0 . 0 3 1 0 . 0 7 2 0 . 1 1 4
2 . 0 0 0 / 5 0 0 0 0 . 0 2 5 0 . 0 1 8 0 . 0 0 0 0 . 0 2 1 0 . 0 0  0
2 . 0 2 5 / 4 9 3 8 0 . 0 3 1 0 . 0 1 6 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 0 5 0 I 4 8 7 8 0 . 0 2 8 0 . 0 0 0 0 . 0 0 0 o .o oo - 0 . 0 0 0
2 , 0 7 5 f 4 8 1 9 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 1 0 0 / 4 7 6 2 0 . 0 0 0  . 0 . 0 0 0 0 . 0 0 0 0 . 0  00 0 . 0 0 0
250
RUN NUMBER 21 5 2 1 7 219 221
GAS H 2 0 / N 2 H 2 0 / N 2 H 2 0 / N 2 H 2 0 / N 2
TEMPER A T U R F ( K ) 9 0 0 9 0 0 9  0 0 6 0 0
T O T . P R E S S . ( ATM) 1 . 5 2 . 0 3 . 0 4 . 0
COMPOS N ( H ? 0 ) 1 . 0 0 0 1 .  0 0 0 1 . 000 1 . 0 0 0
PATH I E  N G 1 H ( C M) 9 . 32 9 . 3 2 9 . 3 ? 9 . 3 2
WAVE(MU) WAVE ( CM- 1 )
1 E N G T H NUMBER
1 . 700 / 5 8 8 ? 0 . 0 0 0 0 . 0 0 0 0 .  00 0 0 . 0 0 0
1 . 7 2  5 / 5 7 9 7 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
1 . 7 5 0 / 5 7 1 4 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
1 . 7 7 5 / 56 34 0 . 0 1 5 0 . 0 0 0 0 . 0 2 7 0 . 0 7 1
1 . 800 I 55 5 6 0 . 0 3 5 0 . 0 3 7 0 .  090 0 . 1 5 1
1 . 8 2 5 / 54 7 9 0 . 0 5 3 0 . 0 5 5 0 . 1 2 6 0 .  210
1 . 8 5 0 I 54 0 5 0 .  0 36 0 . 0 5 6 0 . 1 3 5 0 . 2 2 2
1 . 8 7 5 / 5 3 3 3 0.  0 3 7 0 . 0 5 5 0 . 1 0 0 0 . 1 6 3
1 . 9 0 0 / 5 2 6 3 0 . 0 4 3 0 . 0 7 7 0 . 1 1 9 0 . 1 9 3
1 . 9 2 5 / 5 1 9 5 0 .  0 6 4 0 .  091 0 . 1 1 9 0 . 2 2 8
1 . 9 5 0 I 5 1 2 8 0 . 0 6 4 0 .  0 7 6 0 . 1  00 0 . 1 9 5
1 . 9 7 5 / 5 0 6 3 0 . 0 4 7 0 . 0 5 1 0 .  048 0 . 1 0 0
2 . 0 0 0 / 5 0 0 0 0 . 0 1 8 0 .  0 4 3 0 .  0 09 0 . 0 4 1
2 . 0 2 5 / 49 38 0 . 0 1 4 0 . 0 4 1 0 .  0 0 0 0 . 0 0 0
2 . 0 5 0 I 4 8 7 8 0 . 0 0 0 0 . 0 0 8 0 . 0 0 0 0 . 0 0 0
2 . 0 7 5 / 4 8 1 9 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 000
2 . 1 0 0 / 4 7 6 2 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 1 2 5 / 4 7 0 6 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 0 0 0
2 . 1 5 0 / 4651 0 . 0 0 0 0 . 0 0 1 0 .  0 0 0 0 . 0 0 0
RUN NUMBER 1 9 6 1 9 8 2 00 202 20 4
GAS H 2 0 / N ? H 2 0 / N 2 H 2 0 / N2 H 2 0 / N2 H 2 0 / N ?
T E MP E R AT UR E  < K> - 5 0 0 5 0 0 500 500 5 00
T O T . P R E S S . ( ATM) 1 . 5 2 . 0 3 . 0 4 . 0 5 ,  0
COMPOSN( H2 0 ) 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0
PATH I. E NGT H( CM) 9 . 3 2 9 .  32 9 . 3 2 9 . 3 2 9 . 3 ?
WAVE(MU) WAVECCM- 1 )
■
LENGTH NUMBER • • -
2 . 4 2 5 / 4 1 2 4 0 . 0 3 3 0 . 0 7 0 0 .  092 0 . 0 8 0 0 . 1 6 8
2 .  450 / 4 0 8 2 0 . 0 6 3 0 . 0 9 3 0 . 1 5 4 0 . 1 3 7 0 . 2 5 7
2 . 4 7 5 / 4 0 4 0 0 . 1 7 1 0 . 2 0 4 0 . 3 1 9 0 . 3 2 3 0 . 4 5 5
2 . 5 0 0 I 4 0 0 0 0 . 3 6 5 0 . 4 4 4 0 . 5  67 0 . 6 7 8 - 0 . 7 9 0
2 . 5 2 5 / 39 6 0 0 . 6 2 5 0 . 7 2 9 0 . 8 4 2 0 . 9 3 8 0 . 9 6 9
2 . 5 5 0 I 3 9 2 2 0 .  801 0 . 9 0 4 0 . 9 6 8 1 . 0 0 0 1 . 0 0 0
2 . 5 7 5 / 3 8 8 3 0 . 8 8 8 0 . 9 7 3 0 . 9 8 8 1 . 0 0 0 1 . 0 0 0
2 . 6 0 0 I 3 8 4 6 0 . 8 4 4 0 . 9 4 0 0 . 9 8 8 1 . 0 0 0 . Y  1 . 0 0 0
2 . 6 2 5 I 3 8 1 0 0 . 7 2 3 0 . 8 3 5 0 . 9 3 0 0 . 9 9 4 1 . 0 0 0
2 . 6 5 0 / 3 7 7 4 0 . 7 9 5 0 . 8 9 6 0 . 9 5 2 0 . 9 9 8 T . 0 0 0
2 . 6 7 5 / 3 7 3 8 0 . 9 4 1 0 . 9 9 4 0 . 9 9 6 1 . 0 0 0 b .ooo
2 . 7 0 0 I 3 7 0 4 0 . 8 8 4 0 . 9 7 2 0 . 9 9  5 1 . 0 0 0 0 . 9 9 9
2 . 7 2 5 I 3 6 7 0 0 . 8 6 7 0 . 9 7 4 0 . 9 8 8 1 . 0 0 0 1 . 0 0 0
2 . 7 5 0 / 3 6 3 6 0 . 9 0 8  - 0 . 9 8 1 1 . 000 1 . 0 0 0 ; . 1 , 0 0 0
2 . 7 7 5 / 3 6 0 4 0 . 8 5 8 0 . 9 6 3 1 . 000 1 . 0 0 0 1 . 0 0 0
2 . 8 0 0 / 3571 0 . 7 9  4 0 . 8 7 5 0 . 9 7 4 1 . 0 0 0 1 . 0 0  0
2 . 8 2 5 / 3 5 4 0 0 . 6 8 2 0 . 7 7 7 0 . 9 0 8 0 . 9 9 1 1 . 0 0 0
2 . 8 5 0 / 3 5 0 9 0 . 5 7 5 0 . 6 5 2 0 . 7 9 9 0 . 9 2 3 0 . 9 9 1
2 . 8 7 5 / 3 4 7 8 0 . 3 8 4 0 . 5 0 7 0 . 6 1 0 0 . 8 0 5 0 . 8 9 1
2 . 9 0 0 / 3 4 4 8 0 . 3 1 0 0 . 3 9 7 0 . 5 1 3 0 . 6 1 8 0 . 8 3 ?
2 . 9 2 5 / 3 4 1 9 0 . 2 3 4 0 . 2 9 1 0 .  387 0 . 4 8 5 0 . 6 1 7
2 . 9 5 0 / 3 3 9 0 0 , 1 9 6 0 . 1 9 7 0 . 2 8 3 0 . 4 7 0 0 . 5 5 ?
2 . 9 7 5 / 3361 0 . 1 1 5 0 . 1 3 4 0 . 2 2 8 0 . 3 0 9 0 . 4 7 9
3 . 0 0 0 / 3 3 3 3 0 . 0 6 1 0 . 1 4 9 0 . 2 1 8 0 . 3 1 7 0 . 4 7 0
PUN N IJ M R f H 206 2 08 21 0 212 214
GAS H 2 0 / N ? H 2 0 / N 2 H 2 0 / N 2 H 2 0 / N 2 H 2 n / n /
T F M P F R A T I l K K r ) 7 0 0 70 0 70 0 7 00 70 A
T O T . P R E S S . ( A T M ) 1 . s 2 . 0 3 . 0 4 . 0 5 . ')
COMPOSN( H 2 0 ) 1 . 0 0 0 1 . 000 1 . 0 0  0 1 . 0 0 0 1 . 0 0  0
PATH I E NGT H ( C M) 9 . 32 9 . 3 2 9 . 3? 9 . 3 2 9 . 3 ?
WAVE( MU)  WAVE(CM - 1  )
LENGTH NUMBER
2 . 4 2 5 / 4 1 2  4 0 . 0 5 2 0 . 0 4 7 0 . 0 6 6 0 . 0 6 9 0 . 0 4 ?
2 . 4 5 0  ,/ 4 0 8 ? 0 . 0 6 2 0 . 0 7 1 0 . 1 2 9 0 . 1 9 8 0 . 2 1 5
2 . 4 7 5  ,/ 4 04 0 0 . 1  88 0 . 2 3 5 0 .  341 0 . 4 4 8 0 . 5 3 6
2 . 5 0 0  ,/ 4 0 0 0 0 . 3 7 4 0 . 4 5 1 0 . 6 3 0 0 . 7 5 6 0 . 851
2 . 5 2 5 ✓ 3 9 6 0 0 . 5 1 5 0 . 6 3 4 0 .  84  3 0 . 9 3 9 0 . 9 7 4
2 . 5 5 0  ,/ 3 9 2 2 0 . 6 1 5 0 . 7 2 9 0 . 9 1 3 0 . 9 7 9 1 . OOO
2 . 5 7 5  ./ 3 8 8 3 0 . 6 1 ? 0 . 7 5 6 0 . 9 5 0 0 . 9 9 5 0 . 9 9 1
2 . 6 0 0  ,/ 3 8 4 6 0 . 4 5 1 0 . 5 8 0 0 .  80 5 0 . 9 4 2 0 . 9 8 ?
2 . 6 2 5  ,! 3 8 1 0 0 .  370 0 . 465 0 . 6 7 ? 0 . 8 5 7 0 . 9 5 ?
2 . 6 5 0  ,/ 3 7 7 4 0 . 5 8 5 0 . 6 6 2 0 .  8 4 3 0 . 9 2 3 0 . 9 6 3
2 . 6 7 5  ,/ 3 7 3 8 0 . 7 1 9 0 . 8 4 1 0 . 9 6 3 0 . 9 ^ 0 0 . 9 9 9
2 . 7 0 0 / 3 7 0 4 0 . 5 5 7 0 . 7 0 8 0 . 9 0 0 0 . 9 6 7 0 . 9 9 9
2 . 7 2 5  ,/ 3 6 7 0 0 . 5 2 7 0 . 6 6 3 0 .  8 6 6 0 . 9 8 9 0 . 9 9 9
2 . 7 5 0 t 3 6 3 6 0 . 6 2 3 0 . 7 7 1 0 . 9 3 6 1 . 0 0 0 0 . 9 9 9
2 . 7 7 5  ,/ 3 6 0 4 0 . 5 4 5 0 . 6 7 8 0 . 9 1 3 0 . 9 9 1 0 . 9 9 9
2 . 8 0 0  ,t 3571 0 . 5 1 2 0 . 6 1 1 0 .  8 4 5 0 . 9 5 2 0 . 9 9 9
2 . 8 2 5  ,I 3 5 4 0 0 . 4 5 5 0 . 5 5 6 0 . 7 8 6 0 . 9 1 7 1 . 000
2 . 8 5 0  ,! 3 5 0 9 0 . 3 8 0 0 .  482 0 .  7 3 4 0 . 8 6 4 0 . 9 5 5
2 . 8 7 5  ,4 3 4 7 8 0 . 3 4 ? 0 . 4 1 5 0 . 6 1 2 0 . 7 7 6 0 . 9 1 6
2 . 9 0 0  ,t 3 4 4 8 0 . 2 5 1 0 . 3 0 ? 0 . 4 7 8 0 . 6 2 5 0 . 8 0 ?
2 . 9 2 5  ,( 3 4 1 9 0 . 1 9 5 0 . 2 4 4 0 .  3 8 3 0 . 5 0 6 0 . 6 7 6
2 . 9 5 0  ,( 3 3 9 0 0 . 1 5 4 0 . 1 8 4 0 . 2 5 8 0 .  363 0 .  53?
2 . 9 7 5  ,t 3361 0 . 0 9 9 0 . 1 2 0 0 . 2 1 4 0 . 2 8 2 0 . 4.31
3 . 0 0 0  i( 3 3 3 3 0 . 1 0 2 0 . 1 2 4 0 . 1 1 2 0 . 1 6 6 0 .  221
RUN NUMBER 2 1 6 2 18 2 2 0 222
GAS H 2 0 / N 2 H 2 0 / N 2 H 2 0 / N 2 H 2 0 / N 2 .
T E M P F R A T U R E ( K ) 9 0 0 9 0 0 9 0 0 9 0 0
T O T . P R E S S . ( ATM) 1 . 5 2 . 0 3 . 0 4 . 0
COMPOSN( H 2 0 ) 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0
PATH LE NGT H( C M) 9 . 3 2 9 . 3 2 9 . 3 2 9 . 3 2
WAVE(MU) W A V E ( C M'-i) 1
L ENGTH NUMBER *
2 . 3 5 0  /r 4 2 5 5 0 . 0 3 8 0 . 0 7 5 0 . 0 2 8 0 . 0 8 8
2 . 3 7 5  /’ 4211 0 . 0 5 0 0 . 0 7 1 0 . 0 3 5 0 . 1 4 7
2 . 4 0 0  /' 4 1 6 7 0 . 0 4 7 0 . 0 9 1 0 . 0 6 0 0 . 1 6 7
2 . 4 2 5  / 4 1 2 4 0 . 0 5 0 0 . 0 9 9 0 .  081 0 . 2 1 7
2 . 4 5 0  / 4 0 8 2 0 . 0 6 5 0 . 1 0 3 0 . 1 2 8 0 . 3 1 4
2 . 4 7 5  / 4 0 4 0 0 . 1  09 0 . 1 9 6 0 . 3 0 2 0 . 5 1 9
2 . 5 0 0  / 4 0 0 0 0 . 1 8 0 0 . 2 9 3 0 .  4 7 5 0 . 7 2 3
2 . 5 2 5  / 3 9 6 0 0 . 2 2 7  - 0 . 3 6 9 0 . 6 1 2 0 . 8 5 5 .r-"'
2 . 5 5 0  / 3 9 2 2 0 .  269 0 . 4 2 2 0 . 6 7 4 0 . 8 9 3
2 . 5 7 5  / 3 8 8 3 0 . 2 6 0 0 . 4 0 4 0 . 6 5 0 0 . 8 8 0
2 . 6 0 0  / 3 8 4 6 0 . 1 9 4 0 . 3 1 8 0 . 4 8 7 0 . 7 4 1
2 . 6 2 5  / 3 8 1 0 0 . 1 4 3 0 . 2 4 2 0 . 3 9 5 0 . 6 4 1
2 . 6 5 0  / 3 7 7 4 0 . 2 0 1 0 . 3 4 7 0 .  5 9 8 0 . 8 4 6
2 . 6 7 5  / 3 7 3 8 0 . 3 2 4 0 . 5 0 8 0 . 7 8 8  - 0 . 9 7 0
2 . 7 0 0  / 3 7 0 4 ' 0 . 2 9 0 0 . 4 6 4 0 . 7 0 0 0 . 9 0 5
2 . 7 2 5  / 3 6 7 0 0 . 2 6 8 0 . 3 7 7 0 .  569 0 . 8 9 0
2 . 7 5 0  / 3 6 3 6 0 . 2 7 5 0 . 4 1 3 0 . 6 7 4 0 . 9 0 8
2 . 7 7 5  / 3 6 0 4 0 . 3 1 9 0 . 4 3 6 0 , 6 4 5 0 . 9 0 7
2 . 8 0 0  / 3571 0 . 3 1 3 0 . 4 2 6 0 . 6 5 2 0 . 8 8 1
2 . 8 2 5  / 3 5 4 0 0 . 3 1 7 0 . 4 1 1 0 . 6 1 3 0 . 8 7 5
2 . 8 5 0  / 3 5 0 9 0 . 2 7 9 0 . 3 9 1 0 . 5 6 9 0 . 8 2 7
2 . 8 7 5  / 3 4 7 8 0 . 2 6 3 0 . 3 2 8 0 . 5 3 5 0 . 7 6 1
2 . 9 0 0  / 3 4 4 8 0 . 2 1 8 ' 0 . 3 0 4 0 . 4 1 2 0 . 6 3 9
2 . 9 2 5  / 3 4 1 9  ~ : 0 . 1 7 3 0 . 2 5 4 0 .  33 0 0 . 6 0 1  :
2 . 9 5 0  / 2 3 3 9 0 0 . 1 5 6 0 . 2 0 9 0 . 2 9 0 0 . 4 9 3
2 . 9 7 5  / 3361 0 . 1 7 1 0 . 2 1 2 0 . 2 5 0 0 . 4 8 3
3 . 0 0 0  / A 1 0 L A 1 0 7 A 9 S 7 A I. A X
Li 
< [,} 
j i-,.
„ 
-g 
n 
(i- -
* = 
J LH
 k
>- 
-J j 
fj 
.v* * 
H 
i i-i 
i n-
.
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RUN NI IMBFR 5 3 5 5 36
GAS H 2 0 / N 2 H ?() / N 2
1EMPFRA T U R F ( K ) ' 5 00 5 0 0
T O T . P R F S S . ( ATM) 2 . 1 6 . 0
COMP OS N( H2 0 ) 1 . 0 0 0 1 . 0 0 0
PATH L F N G T H ( C M ) 9 . 3 ? 9 . 3 2
WAVE( MU) WAVE ( CM- 1 )
L F NGT H NUMBER
1 . 7 2 5 I 5 7 9 7 0 . 0 0 0 0 . 2 9 5 2 . 7 0 0 3 7 0 4 0 . 9 4 8 0 . 9 9 3
1 . 7 5 0 I 5 7 1 4 0 . 0 2 1 0 . 3 2 1 2 . 7 2 5 3 6 7 0 0 . 9 2 7 0 . 9 9 6
1 . 7 7 5 1 5 6 3 4 0 . 1 2 ? 0 . 4 9 3 ■ 2 . 7 5 0 3 6 3 6 0 . 9 5 6 0 . 9 9 6
I  . 8 0 0 / 5 5 5 6 0 . 2 4 8 0 . 7 0 3 2 . 7 7 5 3 6 0 4 0 . 9 2 9 0 . 9 9 6
1 . 8 2 5 / 5 4 7 9 0 . 3 5 5 0 . 8 5 3 2 . 8 0 0 3571 0 . 8 6 6 0 . 9 9 3
1 . 8 5 0 / 5 4 0 5 0 .  3 5 6 0 . 8 7 8 j 2 . 8 2 5 3 5 4 0 0 . 7 5 7 0 . 9 9 3
1 . 8 7 5 I 5 3 3 3 0 . 3 1 8 0 . 8 5 0 2 . 8 5 0 3 5 0 9 0 . 6 3 9 0 . 9 9 3
1 . 9 0 0 / 5 2 6 3 0 . 3 0 4 0 . 8 2 2 2 . 8 7 5 3 4 7 8 0 . 4 8 8 0 . 9 7 8
1 . 9 2 5 / 5 1 9 5 0 . 2 5 8 0 . 7 6 2 , 2 . 9 0 0 3 4 4 8 0 .  3 6 6 0 . 9 2 3
1 . 9 5 0 / 5 1 2 8 0 . 1 3 7 0 .  5 9 2 2 . 9 2 5 3 4 1 9 0 . 2 6 1 0 . 8 4 9
1 . 9 7 5 / 5 06 3 0 . 0 4 7 0 . 3 9 0 2 . 9 5 0 3 3 9 0 0 . 1 6 1 0 . 7 3 8
2 . 0 0 0 / 5 0 0 0 0 . 0 1 1 0 . 2 8 5 2 . 9 7 5 3361 0 . 1 5 6 0 . 7 0 4
2 . 0 2 5 / 4 9 3 8 0 . 0 0 0 0 . 2 3 1 3 . 0 0 0 3 3 3 3 0 . 0 9 1 0 . 6 4 0
2 . 0 5 0 / 4 8 7 8 0.  0 0 0 0 . 2 1 3 3 . 0 2 5 3 3 0 6 0 .  0 9 4 0 .  5 9 0
2 . 0 7 5 / 4 8 1 9 0 . 0 0 0 0 . 2 1 0 3 . 0 5 0 3 2 7 9 0 . 1 1 7 0 . 5 7 2
2 . 1 0 0 / 4 7 6 2 0 . 0 0 0 0 . 2 1 5 | 3 . 0 7 5 3 2 5 2 0 . 0 3 8 0 . 5 0 2
2 . 1 2 5 / 4 7 0 6 0 . 0 0 0 0 . 2 1 6 3 . 1 0 0 3 2 2 6 0 . 0 5 4 0 . 4 6 3
2 . 1 5 0 / 4651 0 . 0 0 0 0 . 2 1 6 3 . 1 2 5 3 2 0 0 0 . 0 6 3 0 .  4 3 3
2 . 1 7 5 / 4 5 9 8 0 . 0 0 0 0 . 2 1 3 3 . 1 5 0 3 1 7 5 0 . 0 1 4 0 .  3 7 4
2 . 2 0 0 / 4 5 4 5 0 . 0 0 0 0 . 2 1 5 ! 3 . 1 7 5 31 50 0 . 0 2 3 0 . 4 7 3
2 . 2 2 5 / 4 4 9 4 0 . 0 0 0 0 . 2 3 4 j 3 . 2 0 0 3 1 2 5 - 0 . 0 7 9 0 . 5 3 2
' 2 . 2 5 0 / 4 4 4 4 0 . 0 0 0 0 . 2 4 5 i 3 . 2 2 5 3101 0 . 0 6 3 0 . 449-
2 . 2 7 5 / 4 3 9 6 0 . 0 0 0 0 . 2 4 6 ! 3 . 2 5 0 3 0 7 7 0 . 0 3 4 0 . 411
2 . 3 0 0 / 4 3 4 8 0 . 0 0 0 0 . 2 3 7 b 3 . 2 7 5 3 0 5 3 0 . 0 0 2 0 . 4 4 8
2 . 3 2 5 / 4301 0 . 0 0 0 0 . 2 5 8 3 . 3 0 0 3 0 3 0 0 . 0 7 4 0 .  4 6 4
2 . 3 5 0 / 4 2 5 5 0 . 0 0 0 0 . 2 7 2 . 3 . 3 2 5 3 0 0 8 0 . 0 8 5 0 . 4 1 6 .
2 . 3 7 5 / 4211 0 . 0 0 3 0 . 2 9 9 3 . 3 5 0 2 9 8 5 0 . 0 4 9 0 . 4 0 3
2 . 4 0 0 / 4 1 6 7 0 . 0 2 4 0 . 3 2 6 3 . 3 7 5 2 9 6 3 0 . 0 8 3 0 . 3 4 6 :1
2 . 4 2 5 / 4 1 2 4 0 . 0 2 1 0 . 3 7 7 3 . 4 0 0 2941 0 . 0 1 4 0 . 3 4 3 1
- 2 . 4 5 0 / 4 0 8 2 0 / 0 7 1 0 . 4 7 9 3 . 4 2 5 29 2 0 0 . 0 0 3 0 . 3 3 1
2 . 4 7 5 / 4 0 4 0 0 .  21 5 0 . 7 0 2 13 . 4 5 0 2 8 9 9 0 . 0 6 6 0 . 2 9 4
2 . 5 0 0 / 4 0 0 0 0 . 4 4 8 0 . 9 0 8 i 3 . 4 7 5 2 8 7 8 0 . 0 0 0 0 . 3 4 2
2 . 5 2 5 / 3 9 6 0 0 . 7 1 4 0 . 9 9 0 3 .  5 0 0 2 8 5 7 0 . 0 2 2 0 . 2 9 2 '1
2 . 5 5 0 / 3 9 2 2 0 . 8 7 5 0 . 9 9 4 3 . 5 2 5 2 8 3 7 0 . 0 0 3 0 . 2 8 6 ~l
2 .  5 7 5 / 3 8 8 3 0 . 9 5 4 0 . 9 9 3 3 . 5 5 0 2 8 1 7 0 . 0 3 6 0 . 3 0 5 1
2 . 6 0 0 / 3 8 4 6 0 , 9 3 4 1 . 0 0 0 3 . 5 7 5 2 7 9 7 0 . 0 1 0 - 0 . 2 5 3 *
2 . 6 2 5 / 3 8 1 0 0 . 8 7 ? 0 . 9 4 2 3 . 6 0 0 2 7 7 8 0 . 0 1 8 0 . 2 5 0
% 2 . 6 5 0 / 3 7 7 4 0 . 8 8 9 0 . 9 9 3 3 . 6 2 5 2 7 5 9 - 0 . 0 0 0 0 . 2 3 6 i
2 . 6 7 5 / 3 7 3 8 0 . 9 7 8 0 . 9 9 6 3 . 6 5 0 2 7 4 0 0 . 0 5 6 0 . 3 0 3 i
3 . 6 7 5 2721 0 . 0 2 1 0 . 3 3 3 \r|
3 . 7 0 0 2 7 0 3 0 . 0 0 0 0 . 3 3 3
3 . 7 2 5 2 6 8 5 0 , 0 0 0  .. 0 . 2 5 4 3
3 . 7 5 0 2 6 6 7 0 . 0 0 0 0 . 3 1 9
3 . 7 7 5 2 6 4 9  ‘ r ; 0 . 0 1 5 1 “ - 0 . 3 8 7 §
' 3 . 8 0 0 2 6 3 2 0 . 0 5 7 0 . 3 6 8
3 . 8 2 5 2 6 1 4 / 0 . 0 0 0 0 . 3 5 6
3 . 8 5 0 2 5 9 7 0 . 1 1 2 0 . 3 3 3
? 3 . 8 7 5 25 81 0 . 0 0 7 0 . 3 4 8 r
- 3 . 9 0 0 2 5 6 4 0 . 0 0 0 0 . 3 7 3 !i
J  - , 3 . 9 2 5 2 5 4 8 0 . 0 0 0 0 . 1 8 6
3 . 9 5 0 2 5 3 2 0 . 0 9 3 0 . 4 4 9 •1
3 . 9 7 5 2 5 1 6 0 . 0 4 0 0 . 3 9 5
4 . 0 0 0 2 5 0 0 0 . 0 9 5 0 . 2 1 2 1
PUN NUMBER 537 538 5 39 54 0 541
GAS H 2 0 / N 2 H 2 0 / N 2 H 2 0 / N 2 H 2 0 / N 2 H 2 0 / N 2
TEMPERA U R F ( K ) 500 500 500 500 5 0 0
1 0 T . P R F S . ( AT M) 2 . 2 3 . 1 4 . 2 5 . 6 6 . 6
COMPOSN H 2 0 ) 1 . 0 0 0 1 . 0 0 0 1 . 00 0 1 . 0 0 0 1 . 0 0 0
PATH I F G T H ( C M ) 9 . 32 9 . 3 2 9 .  32 9 . 32 9 . 3 2
W A V E ( M U WA V E ( C M- 1 )
I FNGTH NUMBER
1 . 7 2 5 5 7 9 7 0 . 0 0 0 0 . 0 0 0 0 . 0 2 3 0 . 0 2 1 0 1 4 4
1 . 7 5 0 5 7 1 4 0 . 0 1 2 0 . 0 4 7 0 . 0 6  5 0 . 1 1 5 0 1 8 5
1 . 775 5 6 3 4 0 . 1 2 7 0 . 1 6 0 0 . 2 0 5 0 . 2 7 9 0 36 4
1 . 8 0 0 5 5 5 6 0 . 2 3 ? 0 . 3 3 6 0 . 4 2 5 0 . 5 4 7 0 621
1 . 8 2 5 5 4 7 9 0 . 3 3 8 0 . 4 6 6 0 . 5 7 9 0 . 71 7 0 8 0 7
1 . 8 5 0 5 4 0 5 0 . 3 5 1 0 . 4 8 3 0 . 5 9 9 0 . 7 5 ? 0 8 5 ?
1 . 8 7 5 5 3 3 3 0 . 3 2 4 0 . 4 4 8 0 . 5 5 3 0 . 7 1 8 0 81 5
1 . 9 0 0 5 2 6 3 0 . 3 0 7 0 . 4 1 8 0 . 5 3 2 0 . 6 9 9 0 7 8 3
1 . 9 2 5 5 1 9 5 0 . 2 6 0 0 . 3 5 3 0 . 461 0 . 6 0 8 0 7 0 8
1 . 9 5 0 5 1 2 8 0 . 1 4 9 0 . 2 1 4 0 .  2 8 5 0 .  4 0 0 0 5 0 5
1 . 9 7 5 5 0 6 3 0 . 0 5 1 0 . 0 8 4 0 . 1 4 5 0 . 2 1 5 0 281
2 . 0 0 0 5 0 0 0 0 . 0 2 4 0 . 0 2 9 0 . 0 7 1 0 . 0 9 6 0 1 39
2 . 0 2 5 4 9 3 8 0 . 0 0 0 0 . 0 0 1 0 .  03 9 0 . 0 6 4 0 102
2 . 0 5 0 4 8 7 8 0 . 0 0 7 0 . 0 0 0 0 . 0 4 2 0 . 0 5 2 0 0 6 9
2 . 0 7 5 4 8 1 9 0 . 0 0 7 0 . 0 0 4 0 .  0 3 6 0 .  0 5 7 0 0 7 ?
2 . 1 0 0 4 7 6 2 0 . 0 0 6 0 . 0 0 6 0 . 0 2 3 0 . 0 4 8 0 0 6 7
2 . 1 2 5 4 7 0 6 0 . 0 0 0 0 . 0 0 9 0 . 0 3 0 0 . 0 4 2 0 05 2
2 . 1 5 0 4 6 51 0 . 0 0 0 0 . 0 0 0 0 . 0  38 0 . 0 4 8 0 0 7 4
2 . 1 7 5 4 5 9 8 0 . 0 0 5 0 . 0 0 4 0 . 0 2 7 0 . 0 5 ? 0 0 6 9
2 . 2 0 0 4 5 4 5 0 . 0 0 0 0 . 0 0 0 0 . 0 2 8 0 . 0 5 3 0 0 8 4
2 . 2 2 5 4 4 9 4 0 . 0 0 0 0 . 0 1 5 0 . 0 3 7 0 . 0 3 9 0 0 7 7
2 . 2 5 0 4 4 4 4 0 . 0 0 7 0 . 0 0 4 0 . 0 2 ? 0 . 0 5 2 0 0 9 7
2 . 2 7 5 4 3 9 6 0 . 0 0 5  ■ 0 . 0 1 0 0 . 0 3 6 0 . 0 5 8 0 0 7 3
2 . 3 0 0 4 3 4 8 0 . 0 0 1 0 . 0 1 2 0 . 0 4 4 0 . 0 5 9 0 0 8 7
2 . 3 2 5 4 3 01 0 . 0 1 6 0 . 0 1 6 0 . 0 6 5 0 . 0 6 7 0 1 0 ?
2 . 3 5 0 4 2 5 5 0 . 0 1 2 0 . 0 3 1 0 . 0 5 5 0 . 0 8 1 0 1 28
2 . 3 7 5 4 2 11 0 . 0 1 9 0 . 0 2 0 0 . 0 7 5 0 . 1 1 0 0 1 3 0
2 . 4 0 0 4 1 6 7 0 . 0 3 5 0 . 0 3 3 0 . 0 7 8 0 . 1 2 7 0 1 6 ?
2 . 4 2 5 4 1 2 4 0 . 0 5 1 0 . 0 6 1 0 . 1 1 9 0 . 1 7 2 0 2 3 7
2 . 4 5 0 4 0 8 2 0 . 0 9 3 0 . 1 2 3 0 .  2 0 7 0 . 2 8 4 0 3 1 3
2 . 4 7 5 4 0 4 0 0 . 2 3 0 0 . 2 9 5 0 . 3 7 7 0 .  501 0 5 7 0
2 . 5 0 Q 4 0 0 0 0 . 4 4 1 0 . 5 5 9 0 . 6 6 1 0 . 7 7 5 0 8 4 3
2 . 5 2 5 3 9 6 0 0 . 6 9  4 0 . 8 2 0 0 .  89 9 0 . 9 5 8 0 9 7 9
2 . 5 5 0 3 9 2 2 0 . 8 7 1 0 . 9 4 9 0 . 9 8 9 0 . 9 9 7 1 0 0 0
2 . 5 7 5 3 8 8 3 0 . 9 3 2 0 . 9 9 4 1 . 0 0  0 1 . 0 0 0 1 0 0 0
2 . 6 0 0 3 8 4 6 0 . 8 9 4 0 . 9 8 3 1 . 0 0 0 0 . 9 9 9 0 9 9 9
2 . 6 2 5 3 8 1 0 0 . 8 4 8 0 . 9 5 2 0 . 9 9 8 0 . 9 0 7 0 861
2 . 6 5 0 3 7 7 4 0 . 8 8 0 0 . 9 7 1 0 , 9 9 8 1 . 0 0 0 0 9 9 5
2 . 6 7 5 3 7 3 8 0 . 9 5 4 0 . 9 9 5 1 . 0 0 0 1 . 0 0 0 0 99.8
2 . 7 0 0 3 7 0 4 0 . 9 2 0 0 . 9 9 0 1 . 0 0 0 1 . 0 0 0 0 9 9 8
2 . 7 2 5 3 6 7 0 0 . 9 0 5 0 . 9 8 7 1 . 0 0 0 1 . 0 0 0 0 9 9 8
2 . 7 5 0 3 6 3 6 0 . 9 3 8 0 . 9 9 5 1 . 0 0 0 1 . 0 0 0 0 9 9 8
2 . 7 7 5 3 6 0 4 0 . 9  04 0 . 9 8 4 1 . 0 0 0 1 . 0 0 0 0 '99 8
2 . 8 0 0 3571 0 . 8 2 4 0 . 9 4 1 0 . 9 9 7 V . 0 0 0 0 9 9 8
2 . 8 2 5 3 5 4 0 0 . 7 1 4 0 . 8 7 3 0 . 9 5 7 1 . 0 0 0 0 9 9 4
2 . 8 5 0 3 5 0 9 0 . 6 0 3 0 . 7 4 8 0 . 8 7 7 0 . 9 8 6 0 9 9 4
2 . 8 7 5 3 4 7 8 0 . 4 7 5 0 . 6 0 2 0 . 7 5 6 0 . 9 1 7 0 9 5 7
2 . 9 0 0 3 4 4 8 0 . 3 4 0 0 . 4 7 4 0 . 6 3 4 0 . 7 9 5 0 8 84
2 . 9 2 5 3 4 1 9 0 . 2 5 3 0 , 3 5 1 0 . 4 6 8 0 . 6 4 2 0 7 3 9
2 . 9 5 0 3 3 9 0 0 . 1 6 7 0 . 2 6 9 0 . 3 6 0 0 . 5 4 7 0 6 0 6
2 . 9 7 5 3 3 61 0 . 1 1 6 0 . 2 0 7 0 . 3 0 0 0 . 4 7 8 0 519
3 .  000 3 3 3 3 0 . 1 3 9 0 . 1 2 0 0 . 2 2 1 0 . 4 0 0 0 481
3 . 0 2 5 3 3 0 6 0 . 1 1 8 0 . 1 3 2 0 . 2 1 5 0 . 3 7 6 0 4 0 7
3 . 0 5 0 3 2 7 9 0 . 1 2 6 0 . 1 2 7 0 . 2 2 1 0 . 3 3 4 0 3 5 6
3 . 0 7 5 3 2 5 ? 0 . 0 8 9 0 . 0 7 1 0 . 1 8 4 0 . 3 0 7 0 3 2 ?
3 . 1 0 0 3 2 2 6 0 . 0 5 0 0 . 0 6 6 0 . 1 7 4 0 .  2 8 6 0 241
3 . 1 2 5 3 2 0 0 0 . 0 4 4 0 . 0 2 3 0 . 1 2 0 0 . 1 9 2 0 1 9 3
3 . 1 5 0 3 1 7 5 0 . 0 0 8 0 . 0 2 8 0 . 1 1 3 0 . 2 1 1 0 2 4 6
3.1 7 5 316 0 0 . 0 3 4 0 . 06 8 0 . 1 2 8 0 . 1 7 8 0 . 2 1 ?
3 . 2 0 o 31 2b 0 . 0  49 0 . 1 0 2 0 . 1 5 8 0 . 2 4  8 0 . 2 9 7
3 . 2 ? 5 31 01 0 . 1 29 0 . 0  73 0 . 1 4 5 0 . 2 5 7 0 . 2 1  9
3 . 2 5 0 3 0 7 7 0 . 0 3 3 0 . 069 0 . 1 4 1 0 . 2 3 9 0 . 247
3 . 275 3053 0 . 0 8 1 0 . 0 6 7 0.  1 71 0 . 2 7 2 0 . 1 8 8
3 . 3 0 0 3030 0 . 0 6 5 0 . 1 0 7 0 . 1 3 ? 0 . 2 5 1 0.  281
3 . 3 ?  5 3008 0 . 1 1 ? 0 . 081 0 . 1 5 4 0 .  228 0 . 2 2 1
3 . 3 5 0 29 8 5 0 . 1 4 5 0 . 0 4  7 0 . 1  30 0 . 2 0 7 0 . 1 2 2
3 . 375 2963 0 . 1 5 7 0 . 0 1 4 0 . 1 1 4 0 . 1 5 4 0.  09 6
3 . 4 0 0 2941 0 . 1 0 1 0.  00 0 0.  09 6 0 . 0 8 3 0 . 031
3 . 4 ? S 29 2 0 0 . 0 8 0 0 . 0 0 0 0 . 0 9 7 0 . 1 2 4 0 . 0 4 ?
3 . 4 5 0 2899 0 . 0 8 2 0 . 0 2 8 0 . 0 5 2 0 . 0 5 8 0 . 0 1 4
3.  4 75 2878 0 . 0 6 7 0 . 0 0 0 0 . 0 6 5 0 . 0 5 2 0 . 0 0 0
3 . 5 0 0 2857 0 . 0 2 6 0 . 0 3 6 0 . 0 6 1 0 . 0 7 9 0 . 064
3 . 5 ?  5 2837 0.  007 0 . 0 0 0 0.  028 0 . 1 1 1 0 . 0 0 0
3 . 5 5 0 2817 0 . 000 0 . 0 0 0 0.  066 0 . 060 0 . 0 6 7
3 . 5 7 6 2797 0 .  0 0 0 0 . 0 0 0 0 . 09 1 0 . 0 9 4 o . o o o
3 . 6 0 0 2778 0 . 0 0 0 0 . 0 0 0 •0.008 0 . 1 0 9 0 . 0 1 8
3 . 6 ? 6 27 59 0 .  0 0 0 0 . 0 0 0 0 . 1 0 4 0 . 1 3 3 0.  064
3 . 6 5 0 2740 0 . 0 3 8 0 . 0 0 0 0 . 0 9  3 0 . 1 2 6 0 . 081
3 . 6  75 2721 0 . 1 4 7 0 . 0 2 1 0 . 1 1 0 0 . 1 4 1 0 . 0 0 0
3 . 7 0 0 2703 0 . 0 0 0 0 . 0 0 0 0 . 0 4 0 0 . 0 4 6 0 .  00 0
RUN N U M B F R 5 4 ? 54 3 544 5 4 5 5 4 6
GAS H ? 0 / N ?. H 2 0 / N 2 H 2 0 / N2 H 2 0 / N 2 H 2 0 / N ?
T F M P F R A T U R F ( K ) 7 0 0 7 0 0 7 0 0 7 0 0 7 0 0T O T . P R F S S . ( ATM) 1 . 9 3 . 7 4 . 6 5 . 4 6 1
C OMP O S N ( H 2 0 ) 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0
PATH L F N G T H ( C M ) 9 . 3 2 9 . 3 2 9 . 3 2 9 . 3 2 9 . 3 ?
WAVE( MU) WA V F ( C M- 1 )
LENGTH NUMBER
1 . 7 2 5 / 5 7 9 7 0 . 0 2 5 0 . 0 2 0 0 . 1 1 1 0 . 0 4 5 0 . 0 0 0
1 . 7 5 0 / 5 7 1 4 0 . 0 4 2 0 . 1 0 2 0 . 1 1 3 0 . 1 1 8 0 . 1 8 4
1 . 7 7 5 / 5 6 3 4 0 . 0 9 ? 0 . 2 4 1 0 . 2 7 5 0 . 2 8 5 0 .  31 0
1 . 8 0 0 / 5 5 5 6 0 . 1 7 6 0 . 3 8 9 0 . 4 3 6 0 .  4 8 0 0 . 4 5 31 . 8 2 5 / 5 4 7 9 0 . 2 3 8 0 . 4 6 5 0 . 5 3 9 0 . 6 0 1 0 .  549
1 . 8 5 0 / 5 4 0 5 0 . 2 5 3 0 . 4 5 7 0 . 5 2 6 0 .  579 0 .  4 9 4
1 . 875 / 5 3 3 3 0 . 2 0 0 0 . 4 1 3 0 . 4 7 9 0 . 5 1 6 0 .  4211 . 9 0 0 / 5 2 6 3 0 . 2 1 7 0 . 4 1 6 0 . 4 7 9 0 . 5 3 1 0 . 3  77
1 . 9 2 5 / 5 1 9 5 0 . 1 9 5 0 . 3 9 3 0 . 4 5 4 0 . 5 1 0 0 . 3 4 8
1 . 9 5 0 / 5 1 2 8 0 . 1 3 6 0 . 2 9 1 0 . 3 4 2 0 . 3 8 7 0 . 3 0 5
1 . 9 7 5 / 5 0 6 3 0 . 0 7 1 0 . 1 7 2 0 . 1 9 7 0 . 2 2 1 0 . 1 9 12 .  0 0 0 / 5 0 0 0 0 . 0 2 6 0 . 0 9 9 0 . 0 9 7 0 . 1 0 6 0 . 1 2 32 . 0 2 5 / 4 9 3 8 0 . 0 2 2 0 . 0 6 5 0 . 0 4 5 0 . 0 6 6 0 . 0 5 32 . 0 5 0 / 4 8 7 8 0 . 0 0 7 0 . 0 6 8 0 . 0 4 1 0 . 0 2 4 0 . 0 0 5
2 . 0 7 5 / 4 8 1 9 0 . 0 2 0 0 . 0 7 1 0 . 0 5 6 0 . 0 3 8 0 , 0 2 4
2 . 1  00 / 4 7 6 2 0 . 0 1 6 0 . 0 7 7 0 .  0 4 8 0 . 0 2 5 0 .  0 6 22 . 1 2 5 / 4 7 0 6 0 . 0 0 7 0 . 0 6 4 0 . 0 2 8 0 . 0 1 2 0 . 1 1 22 . 1 5 0 / 4651 0 . 0 1 4 0 . 0 7 0 0 . 0 1 7 0 . 0 0 0 0 . 1 1 9
2 . 1 7 5 / 4 5 9 8 0 . 0 0 0 0 . 0 6 1 0 . 0 3 3 0 . 0 0 5 0 . 1 1 5
2 .  200 / ‘4 5 4 5 0 . 0 0 9 0 . 0 6 8 0 . 0 3 3 0 . 0 0 0 0 . 1 3 2 /
2 . 2 2 5 / 4 4 9  4 0 . 0 0 1 0 . 0 7 3 0 . 0 3 5 . 0 . 0 0 8 0 . 1 4 42 . 2 5 0 / 4 4 4 4 0 . 0 0 8 0 . 0 7 3 0 . 0 4 1 0 . 0 1 2 0 . 1 5 2
2 . 2 7 5 / 4 3 9 6 0 . 0 2 5 0 . 0 7 1 0 . 0 3 7 0 .  0 0 6 0 . 1 8 32 . 3 0 0 / 4 3 4 8 0 . 0 1 4 0 . 0 7 8 0 . 0 4 6 0 . 0 1 9 0 . 1 9 3
? .  325 / 43 01 0 . 0 3 5 0 . 0 8 6 0 . 0 4 9 . 0 . 0 5 3 0 .  229
2 . 3 5 0 / 4 2 5 5 0 . 0 2 7 0 . 0 9 0 0 . 0 5 4 0 . 0 7 3 0 .  2 8 8
2 . 3 7 5 / 4 2 1 1 0 . 0 2 5 0 . 1 0 6 0 . 0 5 6 0 . 0 6 8 0 . 3 9 0
255
2 . 4 0 0 4 1 6 7 0 . 0 4 6 0 . 1 4 8 0 . 0 8 8 0 .  083 0 .  5 27
2 . 4 2 5 4 1 2 4 0 . 0 7 0 0 . 1 8 5 0 . 1 7 ? 0 . 1 7 4 0 . 5 8 8
2.  45G 4 0 8 ? 0 . 1  37 0 . 2 9 7 0 . 2 9 5 0 . 3 3 4 0 . 7 0 1
2 . 4 7 5 4 0 4 0 0 .  305 0 . 5 2 5 0 .  559 0 .  597 0 . 8 3 H
2 . 500 4 0 0 0 0 .  49 4 0 . 74 9 0 . 8 2 ? 0 . 8 5 9 0 . 9 5  0
2 . 5 2 5 3 9 6 0 0 . 6 7 6 0 . 9 2 7 0 . 9 5 6 0 . 9 7 8 0 . 9 9 1
2 . 5 5 0 3 9 2 2 0 . 7 8 1 0 . 9 8 4 0 . 9 9  5 0 . 9 9 7 0 . 9 9  7
2 . 575 3 8 8 3 0 . 8 1 4 0 . 9 9 5 0 . 9 9  5 1 . 0 00 1 . 00 0
2 . 6 0 0 3 8 4 6 0 . 7 1 9 0 . 9 6 1 0 . 9 8 3 0 . 9 9 3 0 . 9Q6
2 . 6 2 5 381 0 0 . 5 5 ? 0 . 9 2 3 0 . 9 4 8 0 . 9 0 3 0 . 9 ? 0
? . 6 5 0 37 74 0 . 7 4 6 0 . 9 5 3 0 . 9 6 5 0 . 9 8 9 0 . 9 9 ?
2 . 6 7 5 3 7 3 8 0 . 8 8 1 0 . 9 9 2 0 . 9 9  7 0 . 9 9 6 0 . 9 9 6
2 . 7 0 0 3 7 0 4 0 . 8 3 4 0 . 9 9 2 0 . 9 9 4 1 . 0 0 0 0 . 9 9 1
2 . 7 2 5 3 6 7 0 0 . 7 8 5 0 . 9 8 3 0 . 9 9 4 1 . 0 0 0 0 . 9 8 7
2 . 7 5 0 3 6 3 6 0 . 8 1 7 0 . 9 8 9 0 . 9 9 7 1 . 000 0 . 9 9 1
2 . 775 3 6 0 4 0 . 8 1 4 0 . 9 9 1 0 . 9 9 4 1 . 0 0 0 0 . 9 8 3
2 . 8 0 0 3571 0 . 7 6 6 0 . 9 8 3 0 . 9 8 7 1 . 0 0 0 0 . 9 4 1
2 . 8 2 5 3 5 4 0 0 . 7 0 0 0 . 9  43 0 . 9 6 4 1 . 0 0 0 0 . 9 0 4
2 . 8 5 0 3 5 0 9 0 . 6 0 7 0 . 9 0 8 0 . 9 3 4 0 . 9 8 0 0 . 8 6 9
2 . 8 7 5 3 4 7 8 0 . 5 3 7 0 . 8 38 0 .  891 0 . 9 2 7 0 . 8 2 1
2 . 9 0 0 3 4 4 8 0 . 4 5 3 0 . 7 2 4 0 . 7 6 0 0 . 8 4 3 0 . 7 3 5
2 . 9 2 5 3 4 1 9 0 . 3 4 1 0 . 6 0 4 0 . 6 3 ? 0 . 7 2 6 0 . 6 4 ?
2 . 9 5 0 3 3 9 0 0 . 2 6 4 0 .  5 0 6 0 .  536 0 . 6 2 6 0 . 5 6 5
2 . 9 7 5 3361 0 . 2 1 9 0 . 4 5 8 0 . 4 1 4 0 . 5 0 5 0 .  4 6 5
3 . 0 0 0 3 3 3 3 0 . 1 7 8 0 . 3 8 4 0 .  .3 57 0 .  394 0 . 4 2 5
3 . 0 2 5 3 3 0 6 0 . 1 4 8 0 . 3 1 7 0 . 3 1 0 0 . 3 3 3 0 . 3 6 1
3 . 0 5 0 32 7 9 0 . 1 2 2 0 . 2 7 6 0 .  2 6 2 0 . 2 7 8 0 .  3 8 5
3 .  075 3 2 5 2 0 . 0 8 1 0 .  2 4 6 0 . 2 3 0 0 . 2 4 0 0 . 3 2 0
3 .  100 3 2 2 6 0 . 1 2 3 0 . 2 6 2 0 . 1 7 8 0 . 2 1 5 0 .  2 9 3
3 . 1 2 5 3 2 0 0 0 . 0 9 1 0 . 2 2 4 0 . 1 4 1 0 . 1 9 4 0 . 2 7 9
3 . 1 5 0 3 1 7 5 0 . 1 1 3 0 .  2 0 2 0 . 1 1 6 0 . 0 9 3 0 . 2 1 2
3 . 1 7 5 3 1 5 0 0 . 0 9 6 0 . 2 1 6 0 .  1 06 0 . 1 7 6 0 . 2 4 6
3 . 2 0 0 3 1 2 5 0 . 1 1 7 0 . 2 5 7 0 . 1 7 1 0 . 1 9 0 0 . 2 9 7
3 . 2 2 5 3101 0 . 0 7 7 0 . 2 2 1 0 . 1 6 3 0 . 1 2 4 0 . 2 6 8
3 . 2 5 0 3 0 7 7 0 . 0 5 6 0 . 1 8 3 0 . 1 5 2 0 . 1 1 7 0 . 3 1 1
3 . 2 7 5 3 0 5 3 0 . 0 8 1 0 . 1 9 5 0 . 1 4 5 0 . 1 6 9 0 . 2 0 0
3 . 3 0 0 3 0 3 0 0 . 0 5 5 0 . 2 5 1 0 . 1 6 9 0 . 1 5 6 0 . 1 4 6
3 . 3 2 5 3 0 0 8 0 . 0 6 1 0 . 2 0 8 0 . 1 8 3 0 . 1 4 9 0 . 1 9 3
3 . 3 5 0 2 9 8 5 0 . 0 4 3 0 . 2 4 1 0 . 1 2 8 0 . 0 8 6 0 . 2 4 3
3 . 3 7 5 2 9 6 3 0 . 0 4 9 0 . 2 0 5 0 .  0 8 2 0 . 0 7 7 0 . 2 0 7
3 .  400 2941 0 . 0 7 9 0 . 1 7 5 0 . 0 9 1 0 . 0 4 4 0 . 1 0 0
3 . 4 2 5 2 9 2 0 0 . 0  46 0 . 1 3 6 0 . 0 5 1 0 . 0 7 1 0 . 1 4 6
3 . 4 5 0 2 8 9 9 0 . 0 3 6 0 . 1 3 0 0 . 0 4 3 0 . 0 0 9 0 . 1 2 6
3 . 4 7 5 2 8 7 8 0 . 0 4 3 0 . 1 7 8 0 . 0 7 6 0 . 0 0 9 0 . 1 1 0
3 .  500 2 8 5 7 0 . 0 0 0 0 . 1 5 1 0 . 0 1 6 0 . 0 9 3 0 . 1 2 3
3 . 5 2 5 2 8 3 7 0 . 0 7 6 0 . 1 9 1 0 . 0 3 4 0.  000 0 .  1 6 9
3 . 5 5 0 2 8 1 7 0 . 0 3  4 0 . 1 6 0 0 . 0 0 8 0 . 0 8 2 0 . 1 4 1
3 . 5 7 5 2 7 9 7 0 . 0 6 4 0 . 1 8 8 0 . 0 0 9 0 .0 00 0 . 2 2 ?
3 . 6 0 0 2 7 7 8 0 . 0 5 1 0 . 1 6 2 0 . 0 2 7 0 . 0 8 8 0 . 1 5 2
3 . 6 2 5 2 7 5 9 0 . 0 6 3 0 . 1 4 0 0 . 0 2 8 0 . 0 0 0 0 . 2 0 8
3 . 6 5 0 2 7 4 0 0 . 0 0 0 0 . 1 8 1 0 .  09 8 0 . 0 00 0 . 2 3 9
3 . 6 7 5 2721 0 . 0 8 ? 0 . 1 5 9 0 . 1 1 ? 0 . 0 8 0 0 . 1 3 0
3 . 7 0 0 2 7 0 3 0 . 0 8 7 0 . 1 2 8 0 . 0 5 6 0 . 000 0 .  171
RUN NUKRF R 5 4 7 54 8 649 550 551
GAS H 2 0 / N 2 H 2 0 / N 2 H 2 0 / N ? H 2 0 / N 2 H 2 0 / N ?
T F MP F RAT U R F ( K ) 9 00 9 0 0 9 0 0 9 0 0 9 0 0
T O T . P R F S S . ( ATM) 2 .  A 3 . 0 A . ? 5 . 0 6 . 6
COMPOS N( H 2 0 ) 1 . 0 0 0 1 ; o o o 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0
PATH I F N G T H ( C M ) 9 . 3 ? 9 . 3 ? 9 . 3 ? 9 . 3 2 9 . 3 ?
WAVE( MU) W A V E ( C M - 1 )
1 ENGTH NUMBER
1 . 7 2 5  / 5 7 9 7 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
1 . 7 5 0  / 5 7 1 4 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
1 . 7 7 5  / 56 3 4 0 . 0 0 0 0 .  00 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
1 . 8 0 0  / 5 5 5 6 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0  87 0 . 1 8 5
1 . 8 2 5  / 54 7 9 0 . 0 0 0 0 . 0 0 0 0 .  085 0 . 2 4 ? 0 . 3 2 ?
1 . 8 5 0  / 5 4 0 5 0 . 0 0 0 0 . 0 0 0 0 . 0 7 9 0 . 2 2 1 0 .  35A
1 . 8 7 5  / 5 3 3 3 0 . 0 0 0 0 . 0 0 0 0 .  006 0 . 1 0 5 0 . 28 A
1 . 9 0 0  / 5 2 6 3 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 8 6 0 . 2 5 3
1 . 9 2 5  / 5 1 9 5 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 1 3 4 0 . 2 2 7
1 . 9 5 0  / 5 1 2 8 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 3 3 0 . 1 7 1
1 . 9 7 5  / 5 0 6 3 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 0 0 0  / 5 0 0 0 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 0 2 5  / 4 9 3 8 0 . 0 0 0 0 . 0 0 0 0 .  000 0 . 0 0 0 0 . 0 0 0
2 . 0 5 0  / 4 8 7 8 o.ooo 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 0 7 5  / 48 1 9 0 . 0 0 0 0 . 0 0 0 0 , 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 1 0 0  / 4 7 6 2 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 1 2 5  / 4 7 0 6 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 1 5 0  / 4651 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 1 7 5  / 4 5 9 8 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 2 0 0  / 4 5 4 5 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 2 2 5  / 4 4 9 4 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 2 5 0  / 4 4 4 4 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 2 7 5  / 4 3 9 6 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 3 0 0  / 4 3 4 8 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 3 2 5  / 4301 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 3 5 0  / 4 2 5 5 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 3 7 5  / 4211 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 4 0 0  / 4 1 6 7 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 4 2 5  / 4 1 2 4 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 4 5 0  / 4 0 8 2 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 8 0 0 . 2 0 2
2 . 4 7 5  / 4 0 4 0 0 . 1 0 4 0 . 1 7 3 0 .  33 A 0 . 4 6 5 0 . 6 2 7
2 .  500  / 4 0 0 0 0 . 3 8 4 0 . 4 8 4 0 . 6 8 3 0 . 8 0 0 0 . 8 8 7
2 . 5 2 5  / 3 9 6 0 0 . 6 3 1 0 . 7 4 6 0 . 9 0 0 0 . 9 5 8 0 . 9 7 6
2 . 5 5 0  / 3 9 2 2 0 . 7 6 6 0 . 8 4 6 0 . 9 7 7 0 . 9 9 8 0 . 9 8 6
2 . 5 7 5  / 3 8 8 3 0 . 7 4 7 0 . 8 5 7 0 . 9 7 5 1 . 0 0 0 0 . 9 7 6
2 . 6 0 0  / 3 8 4 6 0 . 5 9 6 0 . 7 0 8 0 . 8 8 2 0 . 9 3 3 0 . 9 6 9
2 . 6 2 5  / 3 8 1 0 0 . 3 8 6 0 . 5 6 5 0 . 7 9 0 0 . 6 8 4 0 . 5 5 6
2 . 6 5 0  / 3 7 7 4 0 . 5 9 0 0 . 6 8 4 0 . 8 5 6 0 . 9 1 9 0 . 9 6 2
2 . 6 7 5  / 3 7 3 8 0 . 8 5 1 0 . 9 0 5 0 . 9 6 4 1 . 0 0 0 0 . 9 9 2
2 . 7 0 0  /t 3 7 0 4 0 . 8 1 6 0 . 8 9 9 0 . 9 6 5 0 . 9 9 7 0 . 9 9 2
2 . 7 2 5  / 3 6 7 0 0 . 7 1  3 0 . 8 2 0 0 . 9 5 1 0 . 9 9 2 0 . 9 9 2
2 . 7 50 / 3 6 3 6 0 . 7 5 1 0 . 8 5 7 0 . 9 6 4 0 . 9 9 1 0 . 9 9 1
2 . 7 7 5  / 3 6 0 4 0 . 7 8 5 0 . 8 5 6 0 . 9 7 3 1 . 0 0 0 0 . 9 9 1
2 . 8 0 0  / 3571 0 . 7 1 2 0 . 8 3 7 0 . 9 7 4 0 . 9 9 2 0 . 9 9 2
2 . 8 2 5  / 3 5 4 0 0 . 6 8 2 0 . 8 0 8 0 . 9 4 3 0 . 9 8 0 0 . 9 9 2
2 . 8 5 0  / 3 5 0 9 0 . 6 4 8 0 . 7 4 8 0 . 9 2 0 0 . 9 5 7 0 . 9 9 3
2 . 8 7 5  / 3 4 7 8 0 . 5 5 ? 0 . 6 6 8 0 . 8 4 5 0 . 9 3 6 0 . 9 7 0
2 . 9 0 0  / 3 4 4 8 0 . 4 3 1 0 . 5 4 6 0 . 7 3 6 0 . 8 3 2 0 . 9 3 8
2 . 9 2 5  / 3 4 1 9 0 . 3 3 5 0 . 4 4 1 0 . 6 0 5 0 . 7 1 6 0 . 8 7 7
2 . 9 5 0  / 3 3 9 0 0 . 2 1 3 0 . 3 0 7 0 . 4 7 5 0 . 5 9 9 0 . 7 5 6
2 . 9 7 5  / 3361 0 . 0 8 5 0 . 1 5 7 0 . 3 3 6 0 . 5 1 5 0 . 6 1 4
3 . 0 0 0  / 3 3 3 3 0 . 0 0 0 0 . 0 6 6 0 . 1 8 2 0 . 3 3 9 0 ., 4 4 0
3 . 0 2 5  / 3 3 0 6 0 . 0 0 0 0 . 0 0 0 0 . 0 3 1 0 . 1 9 4 0 . 3 0 8
3 . 0 5 0  / 3 2 7 9 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 9 4 0 . 1 0 3
3 . 0 7 5  / 3 2 5 2 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 1 8 0 . 0 3 2 .
3 . 1 0 0  / 3 2 2 6 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 5 2
3 . 1 2 5  / 3 2 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
257
3 . 1 5  0 3 1 7 5 0.000 0.000 0.000 0.000 0 . 0 0 0
3 . 1 7 5 3 1 5 0 0.000 0.000 0 . 0 0 0 0.000 0 . 0 0 0
3 . 2 0 0 31 2 5 0.000 0.000 0.000 0.000 0 . 0 0 0
3 . 225 3101 0.000 0.000 0.000 0.000 0 . 0 0 0
3 . 2 5 0 3 0 7 7 0.000 0.000 0.000 0.000 0 . 0 0 0
3 . 2 7 5 3 0 5 3 0.000 0.000 0.000 0.000 0 . 0 0 0
3 . 3 0 0 3 0 3 0 0.000 0.000 0. 000 0 . 0 0 0 0 . 0 0 0
3 . 3 2 5 3 0 0 8 0 . 0 0 0 0.000 0.000 0. 000 0 oon
3 . 3 5 0 2 9 8 5 0 . 0 0 0 0 .000 0.000 0.000 0 0 0 0
3 . 375 2 9 6 3 0.000 0.000 0.000 0.000 0. 0 0 0
3.  4 00 2941 0 . 0 0 0 0.000 0.000 0.000 0 o o o
3 . 4 2 5 29 2 0 0.000 0.000 0.000 0.000 0, ooo
3 . 4 5 0 28 9 9 0 . 0 0 0 0.000 0.000 0.000 0,, 0 0 0
3 . 4 7 5 2 8 7 8 0.000 0.000 0.000 0.000 0 . 0 0 0
3 . 5 0  0 2 8 5 7 0.000 0.000 0 . 0 0 0 0.000 0 , 0 0 0
3 . 5 2 5 2 8 3 7 0.000 0.000 0.000 0.000 0. o o o3.550 281 7 0 . 0 0 0 0.000 0.000 0.000 0. 000
3 . 5 7 5 2 7 9 7 0.000 0.000 0.000 0.000 0, 000
3 . 6 0 0 2 7 7 8 0.000 0 .000 0.000 0.000 0. ooo
3 . 6 2 5 2 7 5 9 0.000 0.000 0.000 0.000 0, oo o
3 . 6 5 0 2 7 4 0 0.000 0.000 0. 000 0 . 0 0 0 0. oo o
3 . 6 7 5 2721 0.000 0 .000 0 . 0 0 0 0.000 0. 000
3 . 7 0 0 2 7 0  3 0.000 0 .000 0.000 0.000 0, oo o
3 . 7 2 5 2 6 8 5 0.000 0.000 0.000 0.000 0. 000
3 . 7 5 0 2 6 6 7 0.000 0 .000 0.000 0.000 0. 000
3 . 7 7 5 2 6 4 9 0.000 0.000 0.000 0.000 0, 000
3 . 8 0 0 2 6 3 2 0.000 0.000 0.000 0.000 0. 000
3 . 8 2 5 2 6 1 4 0.000 0.000 0.000 0.000 0. 000
3 . 8 5 0 2 5 9 7 0.000 0.000 0.000 0.000 0. 000
3 . 8 7 5 2581 0.000 0.000 0 .000 0.000 0. 000
3 . 9 0 0 2 5 6 4 0.000 0 .000 0.000 0.000 0. 000
3 . 9 2 5 2 5 4 8 0.000 0.000 0.000 0.000 0. 000
3 . 9 5 0 2 5 3 2 0.000 0.000 0.000 0.000 0. 000
3 . 9 7 5 2 5 1 6 0.000 0 .000 0.000 0.000 0. oo o
4 . 0 0 0 2 5 0 0 0.000 0.000 0.000 0.000 0. 000
RUN NU»* B F R 5 5 ? 553 554 555 55 6
GAS H 2 0 / N ? H 2 0 / N 2 H 2 0 / N ? H 2 0 / N 2 M ? 0 / N ?
7 F M P F: R A II R F ( K ) 50 0 500 500 500 50 0
7 0 T . P R F S S , ( A T M ) 2 . 3 3 . 1 4 . 1 4 . 8 6 . ?
COMPOSN H 2 0 ) 1 . 0 0 0 0 . 7 3 7 0 . 5 5 5 0 . 4  80 0 . 371
PATH I F G T H ( C M ) 9 . 3 ? 9 . 3 2 9 . 3 ? 9 . 3 ? 9 . 3 ?
WAVF( MU WAVF. <CM- 1 )
t FNGTH NUMBFR
1 . 7 2 5 5 7 9 7 0 . 0 1 3 0 . 0 0 8 0 . 0 0 0 0 . 1 2 7 0 0 2 ?
1 . 7 5 0 5 7 1 4 0 .  0 49 0 . 0 0 0 0 . 1 2 ? 0 . 0 0 0 0 041
1 . 7 7 5 56 3 4 0 . 0 2 0 0 . 0 3 2 0 . 1 8 4 0 . 0 9  0 .0 1 3 3
1 . 8 0 0 5 5 5 6 0 . 0 3 7 0 . 0 8 8 0 . 3 2 1 0 . 2 6 7 0 341
1 . 8 2 5 5 4 7 9 0 . 0 6 0 0 . 1 4 9 0 . 4 4 1 0 . 4 0 5 0 4 9 9
1 . 8 5 0 5 4 0 5 0 . 0 7 5 0 . 1 5 9 0 .  4 8 8 0 . 4 1 4 0 5 6 6
1 . 875 5 3 3 3 , 0 . 0 4 7 0 . 1 4 1 0 .  4 3 7 0 . 3 7 4 ' 0 4 9 6
1 . 9 0 0 5 2 6 3 0 . 0 5 6 0 . 1 3 3 0 . 4 0 6 0 .  369 0 4 8 3
1 . 9 2 5 5 1 9 5 0 . 0 3 3 0 . 1 0 4 - 0 . 3 8 4 0 . 3 2 6 0 391
1 . 9 5 0 5 1 2 8 0 . 0 2 9 0 . 0 5 0 0 .  269 0 . 1 9 1 0 2 8 3
1 . 9 7 5 5 0 6 3 0 . 0 3 3 0 . 0 3 9 . 0 . 1 3 5 0 . 1 0 3 0 1 1 ?
2 . 0 0 0 5 0 0 0 0 . 0 1 1 0 . 0 1 0 0 . 0 9 3 0 . 0 5 5 0 05 0
2 . 0 2 5 4 9 3 8 0 . 0 1 1 0 . 0 0 0 0 . 0 6 7 0 . 0 4 1 0 0 3 4
2 . 0 5 0 48 78 0 . 0 1 6 0 . 0 2 3 0 . 0 5 8 0 . 0 0 0 0 0 0 0
2 . 0 7 5 4 8 1 9 0 . 0 4 5 0 . 0 0 0 0 .  0 4 6 0 . 0 0 9 0 0 4 6
2 . 1 0 0 4 7 6 2 0 . 0 4 6 0 . 0 0 0 0 . 0 7 2 0 . 0 2 0 0 0 4 ?
2 . 1 2 5 4 7 0 6 0 . 0 2 9 0 . 0 0 9 0 . 0 6 ? 0 . 0 0 0 0 0 2 3
2 . 1 5 0 4651 0 . 0 3 ? 0 . 0 0 0 0 . 0 5 4 0 . 0 0 0 0 0 0 5
2 . 1 7 5 459 8 0 . 0 1 0 0 . 0 0 2 0 . 0 4 1 0 . 0 0 0 0 0 1 8
2 . 2 0 0 4 5 4 5 0 . 0 1 1 0 . 0 1 3 0 . 0 6 5 0 . 0 0 8 0 0 0 0
2 . 2 2 5 4 4 9 4 0 . 0 1 9 0 . 0 1 7 0 . 0 7 3 0 . 0 0 4 0 0 4 7
2 . 2 5 0 4 4 4 4 0 . 0 0 7 0 . 0 1 0 0 . 0 7 5 0 . 0 2 2 0 01 5
2 .  275 4 3 9 6 0 . 0 1 6 0 . 0 0 0 0 .  0 7 0 0 . 0 0 0 0 0 0 0
2 . 3 0 0 4 3 4 8 0 . 0 2 1 0 . 0 0 2 0 . 0 9 7 0 . 0 0 0 0 0 3 8
2 . 3 2 5 4301 0 . 0 0 0 0 . 0 0 0 0 . 0 9 0 0 . 0 2 9 0 0 5 6
2 . 3 5 0 4 2 5 5 0 . 0 2 3 0 . 0 2 6 0 . 0 7 7 0 . 0 3 5 0 0 4 7
2 . 3 7 5 4211 0 . 0 1 4 0 . 0 1 7 0 . 0 8 9 0 .  04 3 0 0 6 8
2 . 4 0 0 4 1 6 7 0 . 0 2 0 0 . 0 4 5 0 . 1 2 8 0 . 0 3 5 0 0 6 7
2 . 4 2 5 4 1 2 4 0 . 0 0 5 0 . 0 2 1 0 . 1 0 7 0 . 0 5 7 0 0 8 ?
2 . 4 5 0 4 0 8 2 0 . 0 6 8 0 . 0 3 2 0 . 1 5 9 0 . 0 9 0 0 1 6 4
2 . 4 7 5 4 0 4 0 0 . 0 3 1 0 . 0 6 3 0 . 2 8 0 0 . 2 1 4 0 2 8 7
2 .  500 4 0 0 0 0 . 1 1 ? 0 . 1 5 9 0 . 5 1 5 0 . 4 6 3 0 5 9 3
2 . 5 2 5 3 9 6 0 0 . 1 5 6 0 . 3 6 0 0 . 7 9 1 0 . 7 8 0 0 8 7 0
2 . 5 5 0 3 9 2 2 0 . 2 4 9 0 . 5 3 3 0 . 9  38 0 . 9 5 3 0 9 7 5
2 . 5 7 5 3 8 8 3 0 . 2 9 9 0 . 6 6 7 1 . 0 0 0 0 . 9 9 4 1 0 0 0
2 . 6 0 0 3 8 4 6 0 . 2 7 7 0 . 6 2 1 0 . 9 9 4 0 . 9 9 3 1 0 0 0
2 . 6 2 5 3 8 1 0 0 . 2 2 7 0 . 0 0 0 0 . 9 6 0 0 . 9 2 8 0 0 0 0
2 . 6 5 0 3 7 7 4 0 . 2 5 2 0 . 5 6 9 0 . 9 6 5 0 . 9 4 3 0 9 7 4
2 . 6 7 5 3 7 3 8 0 . 3 5 4 0 . 7 0 2 0 . 9 9 4 0 . 9 8 7 1 o o o
2 . 7 0 0 3 7 0 4 0 . 2 7 5 0 . 6 2 4 0 . 9 9 4 0 . 9 8 7 1 0 0 0
2 . 7 2 5 3 6 7 0 0 . 2 8 1 0 . 6 0 6 0 . 9 8 7 0 . 9 8 0 1 0 0 0
2 . 7 5 0 3 6 3 6 0 . 3 0 9 0 . 6 4 3 0 . 9 8 7 1 . 0 0 0 1 0 0 0
2 . 7 7  5 3 6 0 4 0 . 2 6 5 0 . 6 1 2 0 . 9 8 7 0 . 9 8 6 1 0 0 0
2 . 8 0 0 3571 0 . 2 3 7 0 . 5 0 2 0 . 9 4 0 0 . 9 4 9 0 9 9 6
2 . 8 2 5 3 5 4 0 0 . 1 6 8 0 . 4 3 0 0 . 8 5 4 0 . 8 5 0 0 9 6 9
2 . 8 5 0 3 5 0 9 0 . 1 3 2 0 . 2 8 1 0 . 7 6 4 0 . 7 5 4 0 8 7 3
2 . 8 7 5 3 4 7 8 0 . 1 2 4 0 . 2 4 1 0 . 6 3 2 0 . 6 0 3 0 7 7 2
2 . 9 0 0 3 4 4 8 0 . 1 3 4 0 . 1 9 2 0 . 5 0 0 0 . 4 6 3 0 581
2 . 9 2 5 3 4 1 9 0 . 0 3 9 0 . 1 2 7 0 . 4 0 2 . 0 . 3 0 7 0 4 4 8
2 . 9 5 0 3 3 9 0 0 . 0 5 6 0 . 1 2 2 0 . 3 1 5 0 . 2 8 3 0 3 8 3
2 . 9 7 5 3361 0 . 0 9 7 0 . 0 3 0 0 . 3 0 5 0 . 1 9 8 0 2 6 5
3 . 0 0 0 3 3 3 3 0 . 0 5 9 0 . 0 9 7 0 . 3 0 8 0 . 1 1 9 0 2 3 7
3 . 0 2 5 3 3 0 6 0 . 0 2 6 0 . 0 5 7 0 . 3 0 1 0 . 1 4 9 0 2 1 8
3 . 0 5 0 3 2 7 9 0 . 0 6 3 0 . 0 6 0 0 . 2 3 4 0 . 1 7 8 0 2 5 5
3 . 0 7 5 3 2 5 2 0 . 0 5 5 0 . 0 3 4 0 . 2 3 1 0 . 1 5 3 0 1 4 6  ‘
3 . 1 0 0 3 2 2 6 0 . 0 4 8 0 . 0 0 0 0 . 2 2 0 0 . 0 6 7 0 161
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3 . 1 2 5 3 2 0 0 0 . 0 7 1 0 . 0 0 0 0 . 1 7 0 0 . 0 3 5 0 . 0 8 6
3 . 1 5 0 3 1 7 5 0 . 0 8 5 0 . 0 3 7 0 . 1 8 7 0 . 0 2 4 0 .  0 8 6
3 . 1 7 5 3 1 5 0 0 . 0 6 ? 0 . 0 9 1 0 . 1 9 1 0 . 1 5 3 0 . 1 0 1
3 . 2 0 0 31 25 0 . 0 8 9 0 . 0  40 0 . 1 9 3 0 . 1 2 3 0 . 2 2 0
3 . 2 2 5 3101 0 . 0 9 3 0 .  0 0 0 0 . 1 3 7 0 . 1 1 8 0 . 2 1 4
3 . 2 5 0 3 0 7 7 0 . 1 0 4 0 . 0 5 5 0 . 2 1 0 0 . 1 0 3 0 . 2 0 5
3 . 2 7 5 3 0 5 3 0 .  03 A 0 . 0 0 6 0 .  2 0 8 0 . 09 6 0 . 1 0 4
3 . 3 0 0 3 0 3 0 0 . 0 8 5 0 . 0 0 6 0 .  3 0 0 0 . 1 1 1 0 .  260
3 . 3 2 5 3 0 0 8 0 . 0 2 3 0 . 0 0 0 0 . 2 0 0 0 . 1 2 9 0 . 1 9 8
3 . 3 5 0 2 9 8 5 0 . 0 1 0 0 . 0 8 4 0 . 2 1 4 0 . 0 1 6 0 . 1 7 1
3 . 3 7 5 2 9 6 3 0 . 0 3 9 0 . 0 2 1 0 . 1 7 6 0 . 0 7 8 0 . 2 4 3
3 . 4 0 0 2941 0 . 0 5 6 0 . 0 3 5 0 . 2 1 4 0 . 1 0 2 0 . 0 8 4
3 .  A25 2 9 2 0 0 . 0 0 0 0 . 0 0 8 0 . 1 9 7 0 . 0 8 8 0 . 1 2 4
3 . 4 5 0 2 8 ^ 9 0 . 0 A 1 0 . 0 2 3 0 . 2 2 7 0 . 0 5 2 0 . 1 6 8
3 . 4 7 5 2 8 7 8 0 . 1 0 3 0 . 0 4 1 0 . 1 5 4 0 . 1 2 1 0 . 0 9 0
3 . 5 0 0 2 8 5 7 0 . 0 5 9 0 . 0 0 0 0 . 3 1 ? 0 . 0 1 9 0 . 0 2 4
3 . 5 2 5 2 8 3 7 0 . 0 3 0 0 . 0 0 9 0 .  200 0 . 1 5 8 0 . 1 2 0
3 . 5 5 0 2 8 1 7 0 . 0 4 6 0 .  0 6 2 0 . 1 3 3 0 .  0 9 6 0 . 0 0 0
3 .  575 2 7 9 7 0 .  0 6 8 0 . 0 0 0 0 . 2 2 8 0 . 0 4 1 0 . 0 4 9
3 . 6 0 0 2 7 7 8 0 . 1 3 5 0 . 0 0 9 0 . 1 1 1 0 . 1 2 2 0 . 0 5 3
3 . 6 2 5 2 7 5 9 0 . 0 5 3 0 . 0 0 0 0 . 1 0 2 0 . 0 8 7 0 . 2 1 3
3 . 6 5 0 2 7 4 0 0 . 0 7 1 0 . 0 7 6 0 .  0 2 5 0 . 0 2 3 0 . 0 6 0
3 . 6 7 5 2721 0 . 1 2 1 0 . 0 0 0 0 . 0 6 5 0 . 0 2 5 0 . 0 0 0
3 . 7 0 0 2 7 0 3 0 . 0 8 2 0 . 0 5 6 0 . 0 9 8 0 . 1 2 2 0 . 0 0 0
3 . 7 2 5 2 6 8 5 0 . 0 7 0 0 . 0 8 1 0 . 0 7 1 0 . 0 5 3 0 . 1 6 4
3 . 7 5 0 26 67 0 . 1 2 0 0 . 0 0 0 0 . 0 5 6 0 . 0 0 0 0 . 0 3 9
3 . 7 7 5 2 6 4 9 0 . 0 9 0 0 . 0 0 0 0 . 1 4 3 0 . 0 3 2 0 . 0 4 3
3 . 8 0 0 2 6 3 2 0 . 1 5 3 0 . 0 6 9 0 . 1 4 7 0 . 1 0 0 0 . 1 6 3
3 . 8 2 5 * 261 4 0 . 1 0 9 0 . 0 4 3 0 . 1 5 6 0 . 1 7 2 0 . 1 7 0
3 . 8 5 0 2 5 9 7 0 . 0 5 6 0 . 0 7 8 0 . 0 3 6 0 . 1 3 8 0 . 2 4 4
3 . 8 7 5 2581 0 . 0 0 0 0 . 0 0 0 0 . 1 2 0 0 . 1 8 5 0 . 2 5 6
3 . 9 0 0 2 5 6 4 0 . 1 4 6 0 . 0 7 8 0 . 2 0 7 0 . 0 4 3 0 . 3 1 1
3 . 9 2 5 2 5 4 8 0 . 0 0 0 0 . 0 0 0 0 . 1 1 1 0 . 2 1 7 0 . 1 8 6
3 . 9 5 0 2 5 3 2 0 . 1 4 ? 0 . 0 0 0 0 . 1 1 5 0 . 2 2 7 0 . 1 2 9
3 . 9 7 5 2 5 1 6 0 . 0 3 1 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
4 . 0 0 0 2 5 0 0 0 . 0 7 1 0 . 0 0 0 0 . 1 7 4 0 . 2 0 0 0 . 0 8 0
i
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RUN NUMBER 5 5 7 5 5 8 559 5 6 0 561 56?
GAS H 2 0 / N 2 H 2 0 / N 2 H 2 0 / N ? H 2 0 / N 2 H 2 0 / N 2 H 2 0 / N ?
T F M P F R A U R F ( K  ) 5 0 0 5 0 0 500 500 5 00 5 P 0
T O T . PRF S . ( A T M) 1 . 5 2 . 1 3 . 1 4 . 4 6 . 2 3 . 3
COMPOSN H? 0 ) 1 . 0 0 0 0 . 7 1 9 ‘ 0 . A 8 0 0 . 3 3 5 0 . 2 3 0 1 . ono
PATH I F G T H < C M ) 9 . 3 ? 9 . 3 2 9 . 3? 9 . 3 2 9 . 3 ? 9 . 3?
WAVF( MU WA VF ( CM- 1  )
L F NGT H NUMBER
1 . 7 2 5 5 7 9 7 0 . o o o 0 . 0 9  3 0 . 0 0 0 0 . 1 3 5 0 . 2 0 5 0 . 0 0 0
1 . 7 5 0 571 4 0 . 0 1 8 0 . 0 0 0 0 .  0 6 8 0 . 1 1 7 0 . 0 5 5 0 . 0 A 4
1 . 7 7 5 5 6 3 4 0 . 0 5 5 0 . 0 3 6 0 . 1 0 5 0 . 1 9 5 0 . 1 6 7 0 .  104
1 . 8 0 0 5 5 5 6 0 . 0 8 ? 0 . 0 6 8 0 . 1 7 7 0 . 3 0 4 0 . 4 4 3 0 .  329
1 . 8 2 5 5 4 7 9 0 . 1 0 5 0 . 1 0 1 0 . 2 6 3 0 . 4 1 2 0 . 6 0 6 0 . 4 4 7
1 . 8 5 0 5 4 0 5 0 . 1 0 7 0 . 1 3 4 0 . 2 6 6 0 . 4 1 9 0 . 6 3 1 0 . 4 8 ?
1 . 8 7 5 5 3 3 3 0 . 0 9 0 0 . 1 0 8 0 . 2 1 8 0 .  369 0 . 5 8 8 0 . 4 2 7
1 . 9 0 0 5 2 6 3 0 . 0 9 9 0 . 1 1 0 0 . 2 0 1 0 . 3 6 0 0 . 5 8 4 0 . 42 8
1 . 9 2 5 5 1 9 5 0 .  0 8 9 0 . 0 9 2 0 . 1 7 1 0 . 3 0 ? 0 . 5 2 ? 0 .  36 3
1 . 9 5 0 5 1 2 8 0 . 0 4 5 0 . 0 6 0 0 . 1  01 0 . 1 9 3 0 . 3 2 8 0 . 1 9 9
1 . 9 7 5 5 0 6 3 0 . 0 5 3 0 . 0 4 ? 0 . 0 1 5 0 . 1 2 8 0 . 1 3 5 0. . 09 5
2 . 0 0 0 5 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 1 5 0 . 0 5 4 0 . 0 8 0 0 . 0 1 7
2 . 0 2 5 4 9 3 8 0 . 0 0 0 0 . 0 3 3 0 .  00 0 0 . 0 3 5 0 . 0 2 0 0 . 0 3 8
2 . 0 5 0 4 8 7 8 0 . 0 0 0 0 . 0 1 3 0 . 0 1 6 0 . 0 7 6 0 . 0 1 6 0 . 0 1 0
2 . 0 7 5 4 8 1 9 0 . 0 5 4 0 . 0 0 0 0 . 0 1 6 0 . 0 8 5 0 . 0 2 1 0 . 0 0 0
2 . 1 0 0 4 7 6 2 0 . 0 1 1 0 . 0 2 4 0 . 0 1 9 0 . 0 5 8 0 . 0 0 0 0 . 0 1 3
2 . 1 2 5 4 7 0 6 0 . 0 0 7 0 . 0 0 8 0 . 0 2 2 0 . 0 5 6 0 .  0 0 0 0 . 0 0 1
2 . 1 5 0 46 51 0 . 0 0 3 0 . 0 2 2 0 . 0 0 7 0 .  0 5 7 0 . 0 0 0 0 . 0 0 1
2 . 1 7 5 45 9 8 0 . 0 0 0 0 . 0 0 0 0 . 0 0 7 0 . 0 6 1 0 . 0 0 9 0 . 0 1 6
2 . 2 0 0 4 5 4 5 0 . 0 3 4 0 . 0 2 0 0 . 0 0 0 0 . 0 7 0 0 . 0 0 4 0 . 0 0 0
2 . 2 2 5 4 4 9 4 0 . 0 2 8 0 . 0 0 0 0 . 0 0 0 0 . 0 8 1 0 . 0 2 5 0 . 0 0 5
2 . 2 5 0 4 4 A 4 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 7 4 0 . 0 1 6 0 . 0 2 2
2 . 2 7 5 4 3 9 6 0 . 0 3 3 0 . 0 0 0 0 . 0 0 0 0 . 0 6 9 0 . 0 3 9 0 . 0 1 0
2 . 3 0 0 4 3 4 8 0 . 0 1 7 0 . 0 0 5 0 . 0 0 8 0 . 0 9 1 0 . 0 0 0 0 . 0 0 0
2 . 3 2 5 4301 0 . 0 2 3 0 . 0 1 0 0 . 0 2 3 0 . 0 6 6 0 . 0 3 7 0 . 0 0 1
2 . 3 5 0 4 2 5 5 0 . 0 0 0 0 . 0 0 0 0 . 0 2 9 0 . 1 0 0 0 . 0 0 0 0 . 0 4 1
2 . 3 7 5 4211 0 .  0 0 0 0 . 0 0 0 0 . 0 3 6 0 . 0 6 2 0 . 0 6 2 0 . 0 0 7
2 . 4 0 0 4 1 6 7 0 . 0 1 0 0 . 0 0 0 0 . 0 3 9 0 . 0 9 6 0 . 0 8 9 0 . 0 2 5
2 .  A25 4 1 2 4 0 . 0 1 1 0 . 0 1 3 0 . 0 0 5 0 . 0 9 9 0 . 1 1 5 0 . 0 4 6
2 . 4 5 0 4 0 8 2 0 . 0 5 3 0 . 0 3 1 0 . 0 8 5 0 . 1 2 1 0 . 1 8 9 0 . 1 0 0
2 . 4 7 5 4 0 4 0 0 . 0 9 6 0 . 0 7 9 0 . 1 4 2 0 . 2 9 8 0 . 3 7 4 0 .  29 5
2 . 5 0 0 4 0 0 0 . 0 . 1 4 1 0 . 1 5 3 0 . 3 6 1 0 . 4 7 6 0 . 7 0 8 0 . 6 1 1
2 . 5 2 5 3 9 6 0 0 . 2 6 9 0 . 3 1 9 0 . 5 7 7 0 . 7 3 5 0 . 9 0 6 0 . 8 5 7
2 . 5 5 0 39 22 0 . 4 4 0 0 . 4 6 3 0 . 7 6 8 0 . 9 0 4 0 . 9 7 8 0 . 9 6 6
2 . 5 7 5 3 8 8 3 0 . 4 9 2 0 . 5 5 4 0 . 8 4 7 0 . 9 7 8 0 . 9 8 5 0 . 9 9 5
2 . 6 0 0 3 8 4 6 0 . 4 2 4 0 . 4 8 2 0 . 8 4 3 ’ 0 . 9 6 3 0 . 9 8 4 0 . 9 8 8
2 . 6 2 5 3 8 1 0 0 . 4 2 6 0 . 3 8 7 0 . 8 0 4 0 . 8 9 4 0 . 9 7 8 0 . 9 1 2
2 . 6 5 0 3 7 7 4 0 . 4 1 4 0 . 4 8 4 0 . 7 7 7 0 . 9 2 3 0 . 9 8 5 0 . 9 7 0
2 . 6 7 5 3 7 3 8 0 . 5 1 6 0 . 5 5 5 0 . 8 7 7 0 . 9 6 6 0 . 9 8 5 0 . 9 8 9
2 . 7 0 0 3 7 0 4 0 . 4 3 5 0 . 5 0 5 0 . 8 0 5 0 . 9 5 3 0 . 9 8 5 0 . 9 8 9
2 . 7 2 5 3 6 7 0 0 . 4 0 5 0 . 4 7 6 0 . 7 9 6 0 . 9 5 0 0 . 9 8 4 0 . 9 8 9
2 . 7 5 0 3 6 3 6 0 . 4 4 2 0 . 5 3 4 0 . 8 1 2 0 . 9 7 1 0 . 9 8 4 0 . 9  88
2 . 7 7 5 3 6 0 4 0 . 4 1 5 0 . 4 6 8 0 . 7 7 8 0 . 9 4 2 0 . 9 7 5 0 . 9 8 2
2 . 8 0 0 3571 0 . 3 6 9 0 . 3 9 3 0 . 7 1 6 0 . 8 5 6 0 . 9 7 ? 0 . 9 5 4
2 . 8 2 5 3 5 4 0 0 . 2 8 5 0 . 3 1 8 0 . 6 0 1 0 . 7 7 5 0 . 9 6 4 0 . 8 9 3
2 . 8 5 0 3 5 0 9 0 . 1 8 5 0 . 2 5 4 0 . 4 5 5 0 . 6 6 5 0 . 8 9  0 0 .  7 6 8
2 . 8 7 5 3 4 7 8 0 . 1 5 6 0 . 1 7 2 0 . 3 5 5 0 . 4 9 1 0 . 7 6 6 0 . 6 3 1
2 . 9 0 0 3 4 4 8 0 . 1 0 6 0 . 1 1 4 0 . 2 2 2 0 . 3 5 8 0 . 6 5 3 0 . 4 5 3
2 . 9 2 5 3 4 1 9 0 . 0 3 0 0 . 0 6 3 0 . 1 9 6 0 . 2 7 6 0 , 4 4 8 0 .  3 6 6
2 . 9 5 0 3 3 9 0 0 . 0 7 9 0 . 0 5 8 0 . 1 3 3 0 . 2 4 7 0 . 3 3 6 0 . 2 8 2
2 . 9 7 5 3361 0 . 0 5 6 0 . 0 0 0 0 . 1 0 3 0 . 2 3 3 0 . 2 9 4 0 . 2 0 4
3 . 0 0 0 3 3 3 3 0 . 1 0 0 0 . 0 4 4 0 . 0 8 8 0 . 1 7 8 0 . 2 1 6 0 . 1 3 4
3 . 0 2 5 3 3 0 6 0 . 0 5 1 0 . 0 2 8 0 . 0 9 3 0 . 1 5 1 0 . 2 2 2 0 . 1 5 0
3 . 0 5 0 3 2 7 9 0 . 0 3 5 0 . 0 0 0 0 . 0 3 8 0 . 1 1 7 0 . 1 5 2 0 . 1 7 4
3 . 0 7 5 3 2 5 2 0 . 0 2 6 0 . 0 3 9 0 . 0 6 8 0 . 1 3 8 0 . 0 4 1 0 . 1 4 1
3 . 1 0 0 3 2 2 6 0 . 0 1 7 0 . 0 2 0 0 . 0 2 9 0 . 1 3 4 0 . 0 5 9 0 .  0 7 8
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3 . 1 ? 5 3 2 0 0 0 . 0 0 0 0 . 0 0 0 0 0 8 5 0 . 0 8 1 0 0 8 8 0 . 0  36
3 . 1 5 0 3 1 7 5 0 . 0 0 0 0 . 0 0 0 0 0 6 ? 0 . 1 7 2 0 00 0 0 . 0 0 0
3 . 1 7 5 3 1 5 0 0 . 0 0 0 0 . 0 3 4 0 0 4 4 0 . 1 2 3 0 00 0 0 . 0 4 0
3 . 2 0 0 3 1 2 5 0 . 0 0 0 0 . 0 0 0 0 0 6 8 0 . 1 1 8 0 1 50 0 . 1 3 ?
3 . 2 2 5 3101 0 . 0 3 3 0 . 0 3 6 0 03 4 0 . 1 6 2 0 07 0 0 . 0 0 0
3 . 2 5 0 3 0 7 7 0 . 0 4 6 0 . 0 0 0 0 009 0 . 0 7 1 0 0 1 5 0 . 0 5 6
3 . 2 7 5 3 0 5 3 0 . 0 0 9 0 . 0 1 3 0 0 40 0 . 0 8 8 0 131 0 . 0 1 7
3 . 3 0 0 3 0 3 0 0 . 0 4 6 0 . 0 0 0 0 1 1 ? 0 . 2 3 2 0 03 5 0 . 0 8 3
3 . 3 2 5 3 0 0 8 0 . 0 0 0 0 . 0 0 0 0 0 7 8 0 . 2 0 5 0 0 7 7 0 . 0 5 7
3 . 3 5 0 2 9 8 5 0 . 0 0 0 0 . 0 2 8 0 0 6 7 0 . 1 7 4 0 081 0 .  0 7 6
3 . 3 7 5 2 9 6 3 0 . 0 0 0 0 . 0 4 4 0 0 2 5 0 . 1 3 1 0 0 0 0 0 . 0 1 9
3 . 4 0 0 2941 0 . 0 0 0 0 . 0 2 9 0 0 0 0 0 . 2 0 2 0 0 0 0 0 . 0 5 1
3 . 4 2 5 2 9 2 0 0 . 0 0 0 0 . 0 0 0 0 0 1 2 0 . 1 2 0 0 0 0 0 0 . 0 0 4
3 .  4 5 0 2 8 9 9 0 . 0 0 0 0 . 0 3 1 0 0 1 2 0 . 0 8 9 0 0 0 0 0 . 0 0 0
3 . 4 7 5 28 78 0 . 0 0 0 0 . 0 0 0 0 0 1 2 0 . 1 4 5 0 0 0 0 0 . 0 0 0
3 . 5 0 0 2 8 5 7 0 . 0 2 9 0 . 0 7 9 0 0 0 0 0 . 0 4 0 0 0 0 0 0 . 0 0 0
3 . 5 2 5 2 8 3 7 0 . 0 0 0 0 . 0 0 0 0 00 0 0 . 0 4 0 0 0 0 0 0 . 0 0 5
3 . 5 5 0 281 7 0 . 0 1 3 0 . 0 8 7 0 031 0 . 0 4 1 0 0 0 0 0 . 0 0 0
3 . 5 7 5 2 7 9 7 0 . 0 0 0 0 . 0 5 4 0 0 0 0 0 . 0 4 3 0 1 0 6 0 . 0 0 0
3 . 6 0 0 2 7 7  8 0 . 0 1 4 0 . 0 5 5 0 1 4 6 0 . 0 8 8 0 0 2 3 0 . 0 0 0
3 . 6 2 5 2 7 5 9 0 . 0 1 5 0 .  0 0 0 0 0 1 6 0 . 0 0 0 0 0 0 0 0 . 0 8 7
3 . 6 5 0 274 0 0 . 0 5 7 0 . 0 2 2 0 0 0 0 0 . 0 2 5 0 1 4 2 0 . 0 0 0
3 . 6 7 5 27 21 0 . 0 3 8 0 . 0 2 3 0 0 4 5 0 .  0 2 7 0 0 0 0 0 . 1 1 7
3 . 7 0 0 2 7 0 3 0 . 0 0 0 0 . 0 2 2 0 000 0.000 0 000 0 . 0 7 0
3 . 7 2 5 2 6 8 5 0.000 0.000 0 000 0 . 0 5 7 0 000 0.000
3 . 7 5 0 2 6 6 7 0.000 0 . 1 3 8 0 000 0.000 0 000 0.000
3 . 7 7 5 2 6 4 9 0.000 0.000 0 000 0 . 2 1 1 0 ooo 0.000
3 . 8 0 0 2 6 3 2 0.000 0.000 0 0 2 6 0.000 0 0 3 5 0 . 0 0 8
3 . 8 2 5 2 6 1 4 0 . 0 2 3 0.000 0 0 2 9 0 . 0 7 6 0 000 0.000
3 . 8 5 0 2 5 9 7 0.000 0 .000 0 000 0.000 0 0 3 8 0 . 1 4 7
3 . 8 7 5 2581 0.000 0 . 0 3 5 0 000 0 . 0 8 2 0 1 0 0 0.000
3 . 9 0 0 2 5 6 4 0.000 0.000 0 000 0 . 2 3 8 0 000 0 . 0 5 0
3 . 9 2 5 2 5 4 8 0.000 0 . 1 1 8 0 000 0 . 1 8 0 0 0 4 3 0.000
3 . 9 5 0 2 5 3 2 0.000 0.000 0 000 0 .000 0 000 0 . 1 4 1
3 . 9 7 5 2 5 1 6 0.000 0 . 1 1 8 0 000 0 . 0 5 8 0 0 5 6 0.000
4 . 0 0 0 2 5 0 0 0 . 0 3 4 0 . 1 3 3 0 0 0 0 0 . 1 5 6 0 0 0 0 0 . 0 5 7
262
PUN NUtf B F R 563 564 565 566 5 6 7
GAS H ? 0 / N 2 H 2 0 / N 2 H 2 0 / N ? H 2 0 / N 2 H 2 0 / N 2
T FMPF RA U R F ( K ) 7 0 0 7 0 0 70 0 700 70 0
T 0 T . P R F S . ( A T M ) 1 . 7 2 . 4 3 . 5 5 . 4 6 . 6
COMPOSN H 20 ) 1 . 0 0 0 0 : 7 2 1 0 . 4 8 7 0 . 3 1 6 0 . 2 6 1
PATH I F NGT H( C M) 9 . 32 9 . 3 2 l 9 . 3? 9 . 3 2 9 . 3?
WAVE(MU WAVE( OM­ 1 )
1 FNGTH NI UMBER
1 . 72 5 5 79 7 0 .  09 3 0 . 0 1 8 0 . 0 2 3 0 . 0 9 5 0 . 0 0  0
1 . 7 5 0 5 7 1 4 0 . 0 0 0 0 . 0 1 1 0 .  0 8 8 ’ 0 . 1 2 3 0 . 2 0 7
1 . 7 7 5 5 6 3 4 0 . 0 5 ? 0 .  0 6 8 0 . 1 5 6 0 . 2 2 8 0 . 4 2 1
1 . 8 0 0 5 5 5 6 0 . 064 0 . 1 3 5 0 . 1 9 7 0 . 3 7 5 0 . 5 5 8
1 . 8 2 5 5 4 7 9 0 . 0 8 5 0 . 1 5 5 0 . 2 7 5 0 .  461 0 . 6 4 ?
1 . 8 5 0 5 4 0 5 0 . 0 6 8 0 . 1 5 8 0 . 2 6 7 0 . 4 8 8 0 . 6  58
1 . 8 7 5 5 3 3 3 0 . 0 4 7 0 . 0 9 1 0 .  2 3 6 0 . 4 1 6 0 . 5 7 5
1 . 9 0 0 5 2 6 3 0 . 0 5 0 0 . 0 8 1 0 .  2 39 0 . 3 9 0 0 . 6 0 4
1 . 9 2 5 5 1 9 5 0 . 0 2 9 0 . 1 0 2 0 . 2 3 2 0 . 3 8 4 0 .  576
1 . 9 5 0 5 1 2 8 0 . 0 1 1 0 . 0 4 5 0 . 1 8 0 0 . 3 1 9 0 . 4 8 7
1 . 9 7 5 5 0 6 3 0 . 0 0 0 0 . 0 4 5 0 . 1 0 5 0 . 1 7 8 0 . 3 4 4
2 . 0 0 0 5 0 0 0 0 . 0 0 0 0 . 0 2 1 0 . 0 7 0 0 . 1 0 8 0 . 1 8 5
2 . 0 2 5 4 9 3 8 0 . 0 0 0 0 . 0 0 4 0 . 0 3 7 0 . 0 6 6 0 . 0 9 9
2 . 0 5 0 4 8 7 8 0 . 0 0 0 0 . 0 0 0 0 . 0 3 9 0 . 0 6 9 0 . 1 2 4
2 . 0 7 5 4 8 1 9 0 . 0 0 0 0 . 0 0 0 0 . 0 6 1 0 . 0 6 7 0 . 1 0 7
2 . 1 0 0 4 7 6 2 0 . 0 0 0 0 . 0 2 1 0 . 0 5 8 0 . 0 0 3 0 . 1 1 7
2 . 1 2 5 4 7 0 6 0 . 0 0 0 0 . 0 0 0 0 . 0 6 3 0 . 0 7 6 0 . 0 5 5
2 . 1 5 0 4651 0 . 0 0 0 0 . 0 0 8 0 . 0 5 5 0 . 0 5 9 0 . 0 4 5
2 . 1 7 5 4 5 9 8 0 . 0 0 0 0 . 0 0 0 0 . 0 4 4 0 . 0 6 6 0 . 0 9 3
2 . 2 0 0 4 5 45 0 . 0 0 0 0 . 0 0 0 0 . 0 4 5 0 . 0 3 9 0 . 0 7 2
2 . 2 2 5 4 4 9 4 0 . 0 0 0 0 . 0 0 0 0 .  0 0 6 0 . 0 5 3 0 . 0 6 5
2 . 2 5 0 4 4 4 4 0 . 0 0 0 0 . 0 0 9 0 . 0 2 5 0 . 0 3 6 0 . 1 1 5
2 . 2 7 5 4 3 9 6 0 . 0 0 0 0 . 0 1 9 0 . 0 5 9 0 . 0 8 4 0 . 0 8 1
2 . 3 0 0 4 3 4 8 0 . 0 0 0 0 . 0 0 0 0 . 0 2 7 0 . 0 6 0 0 .  0 7 7
2 . 3 2 5 43 01 0 . 0 0 0 0 . 0 0 0 0 . 0 5 6 0 . 0 8 4 0 . 1 4 4
2 . 3 5 0 4 2 5 5 0 . 0 0 0 0 . 0 1 1 0 . 0 7 4 0 . 0 3 6 0 . 1 1 2
2 . 3 7 5 4211 0 . 0 0 0 0 . 0 0 0 0 . 0 5 7 0 . 0 7 1 0 . 1 4 1
2 . 4 0 0 4 1 6 7 0 , 0 0 0 0 . 0 0 0 0 .  0 6 9 0 . 1 3 7 0 . 1 8 9
2 . 4 2 5 4 1 2 4 0 . 0 0 0 0 . 0 0 0 0 . 0 6 7 0 . 1 3 2 0 . 1 5 9
2 . 4 5 0 4 0 8 2 0 . 0 4 4 0 . 0 7 4 0 . 1 2 2 0 . 2 6 5 0 . 3 8 2
2 . 4 7 5 4 0 4 0 0 . 0 8 3 0 . 1 2 3 0 . 3 0 4 0 . 4 9 5 0 . 6 7 5
2 .  50 0 4 0 0 0 0 . 1 9 4 0 . 2 7 5 0 .  53 6 0 . 7 5 7 0 . 8 8 5
2 . 5 2 5 3 9 6 0 0 .  2 8 8 0 . 4 3 0 0 . 7 2 7 0 . 9 3 2 0 . 9 9 3
2 . 5 5 0 3 9 2 2 0 . 3 3 8 0 . 5 3 7 0 . 8 4 7 0 . 9 7 5 1 . 0 0 0
2 . 5 7 5 3 8 8 3 0 . 3 7 0 0 . 5 3 7 0 . 8 5 8 0 . 9 8 4 1 . 0 0 0
2 , 6 0 0 3 8 4 6 0 . 2 7 4 0 . 4 5 0 0 . 7 8 0 0 . 9 6 1 1 . 0 0 0
2 . 6 2 5 3 8 1 0 0 . 1 2 1 0 . 3 7 0 0 . 6 3 2 0 . 7 9 0 0 . 9 9 0
2 . 6 5 0 3 7 7 4 0 . 2 7 4 0 . 4 9 3 0 . 7 8 6 0 . 9  42 0 . 9 8 0
2 . 6 7 5 3 7 3 8 0 . 3 8 1 0 . 6 2 1 0 . 9 0 5 0 . 9 9 4 0 . 9 9 2
2 . 7 0 0 3 7 0 4 0 . 3 0 5 0 . 5 1 4 0 . 8 5 2 0 . 9 9 4 0 . 9 9 2
2 . 7 2 5 3 6 7 0 0 . 2 8 9 0 . 5 4 0 0 . 8 0 7 0 . 9 9 4 0 . 9 9 2
2 . 7 5 0 3 6 3 6 0 . 3 0 6 0 . 5 6 6 0 . 8 5 8 0 . 9 9 5 0 . 9 9 2
2 . 7 7 5 3 6 0 4 0 . 3 4 9 0 . 5 5 3 0 . 8 6 0 1 . 0 0 0 0 . 9 9 1
2 . 8 0 0 3571 0 . 2 7 1 0 . 5 0 8 0 . 8 0 5 0 . 9 8 2 0 . 9 7 7
2 . 8 2 5 3 5 4 0 0 . 2 7 8 0 . 4 0 5 0 . 7 4 3 0 . 9 7 0 0 . 9 7 6
2 . 8 5 0 3 5 0 9 0 . 2 4 8 0 . 3 9 1 0 . 6 7 4 0 . 9 2 1 0 . 9 7 6
2 . 8 7 5 3 4 7 8 0 . 1 4 5 0 . 2 7 9 0 .  5 9 3 0 . 9 0 2 0 . 9 7 5
2 . 9 0 0 3 4 4 8 0 . 0 9 7 0 . 2 4 6 0 . 4 9 6 0 . 7 8 8 0 . 8 4 7
2 . 9 2 5 3 4 1 9 0 . 0 7 4 0 . 1 5 2 0 .  379 0 . 6 2 5 0 . 8 1 1
2 . 9 5 0 3 3 9 0 0 . 0 0 0 0 . 1 4 4 0 . 3 2 4 0 . 5 6 1 0 . 7 6 1
2 . 9 7 5 3361 0 . 0 0 0 0 . 0 8 6 0 . 2 3 6 0 . 4 7 2 0 . 6 3 6
3 . 0 0 0 3 3 3 3 0 . 0 0 0 0 . 0 9 7 0 . 2 0 6 0 . 3 7 1 0 . 4 7 5
3 . 0 2 5 3 3 0 6 0 .  0 0 0 0 . 0 4 1 ' 0 . 1 7 0 0 . 4 1 5 0 .  39 2
3 . 0 5 0 3 2 7 9 0 . 0 0 0 0 . 0 5 4 0 . 1 5 0 0 . 4 0 8 0 . 4 5 4
3 . 0 7 5 3 2 5 2 0 . 0 0 0 0 . 0 7 6 0 . 1 2 3 0 . 3 4 7 0 . 3 5 3
3 . 1 0 0 3 2 2 6 0 . 0 0 0 0 . 0 0 0 0 . 1 3 8 0 . 2 8 2 0 . 3 5 3
263
5 . 1 2 b 3 2 0 0 0 .  0 0 0 0 . ooo 0 01 7 0 .  1 79 0 . 3 7 4
3 . 1 5 0 3 1 7 5 0.000 0 . 0 2 4 0 0 7 0 0 . 1 1 5 0 . 2  89
3 . 1  75 3 1 5 0 0.000 0 . 0 5 0 0 0 72 0 . 1 3 5 0 . 2 0 6
3 . 200 31 25 0.000 0 . 0 3 9 0 1 57 0 . 2 1 9 0 . 1 7 4
3 . 2 2 5 31 01 0.000 0 . 0 1 4 0 119 0 . 2 5 5 0 . 2 0 3
3 . 2 5 0 30 77 0,000 0 . 0 2 7 0 0 6 3 0 . 0 5 7 0 . 4 1 6
3 . 2 7 5 3 0 5 3 0.000 0 . 0 5 7 0 111 0 .  2 6 0 0 . 2 4 6
3 . 3 0 0 3 0 3 0 0.000 0.000 0 0 84 0 . 2 1 1 0 . 203
3 . 3 2 5 3 0 0 8 0 . 0 2 5 0 . 0 0 0 0 1 4 3 0 . 1 6 2 0 .  271
3 . 3 5 0 2 9 8 5 0.000 - 0 . 0 4 7 0 1 0 3 0 . 2 4 4 0 . 1 4 0
3 . 3 7 5 2 9 6 3 0 . 0 2 6 0 . 0 7 7 0 0 5 6 0 . 1  41 0 . 2 5 5
3 .  400 2941 0 . 0 2 8 0 . 0 1 7 ' 0 0 7 3 0 . 2 1 8 0 . 2 1 8
3 . 4 2 5 2 9 2 0 0 . 0 1 2 0 . 0 1 7 0 0 0 0 0 . 0 7 1 0 . 3 0 5
3 . 4 5 0 2 8 9 9 0 . 0 0 0 0 . 0 1 8 0 04 3 0 . 1 0 0 0 . 3 1 6
3 . 4 7 5 2 8 7 8 0.000 0 . 0 5 5 0 0 6 4 0 . 0 4 7 0 . 3 0 2
3 . 5 0 0 2 8 5 7 0.000 0.000 0 0 8 4 0 . 0 8 1 0. 000
3 . 5 2 5 2 8 3 7 0 . 0 1 4 0 . 1 1 5 0 17 4 0 . 0 0 0 0 . 2 5 5
3 . 5 5 0 2 8 1 7 0.000 0.000 0 2 3 2 0 . 1 6 7 0 . 2 4 5
3 . 5 7 5 2 7 9 7 0.000 0 . 1 0 2 0 051 0 . 1 1 3 0 . 1 0 3
3 . 6 0 0 2 7 7 8 0.000 0 . 0 4 2 0 100 0 . 0 8 9 0 . 3 4 0
3 . 6 2 5 2 7 5 9 0.000 0 . 0 6 4 0 1 51 0 . 0 5 2 0 .  3 0 8
3 . 6 5 0 2 7 4  0 0.000 0.000 0 11 0 0 . 1 3 5 0 . 1  86
3 . 6 7 5 2721 0.000 0.000 0 0 6 3 0.000 0 . 2 7 0
3 . 7 0 0 2 7 0 3 0 . 1 1 0 0 . 1 0 0 0 181 0 . 1 1 4 0. 000
3 . 7 2 5 2 6 8 5 0.000 0 . 0 2 8 0 041 0 . 2 0 5 0 . 0 0 0
3 . 7 5 0 2 6 6 7 0 . 0 4 9 0 .  091 0 17 2 0 . 1 9 4 0 . 0 0 0
3 . 7 7 5 2 6 4 9 0 . 0 5 0 0.000 0 00 0 0 . 2 0 6 0.000
3 . 8 0 0 2 6 3 2 0.000 0 . 0 3 4 0 0 0 0 0 . 2 0 6 0 . 0 7 4
3 . 8 2 5 261 4 0.000 0 . 0 6 9 0 000 0.000 0.000
3 . 8 5 0 2 5 9 7 0 . 0 2 6 0 . 1 5 4 0 151 0 . 1 6 7 0 . 0 0 0
3 . 8 7 5 2581 0.000 0.000 0 0 0 0 0.000 0.000
3 . 9 0 0 2 5 6 4 0 . 0 2 9 0 . 0 5 0 0 1 33 0 . 1 1 5 0.000
3 . 6 2 5 2 5 4 8 0.000 0 . 1 7 4 0 411 0.000 0 . 2 1 1
3 . 9 5 0 2 5 3 2 0.000 0.000 0 11 5 0 . 2 0 8 0 . 1 1 8
3 . 9 7 5 2 5 1 6 0.000 0.000 0 1 1 0 0 . 1 5 0 0 . 4 7 6
4 . 0 0 0 2 5 0 0 0 . 1 7 0 0 . 1 1 1 0 000 0 . 3 5 0 0 . 1 1 8
PUN NUMB F R 5 6 8 569 570
GAS H 2 0 / N ? H 2 0 / N 2 H20/ M?
t f m p f r a t I JRF ( K ) 7 0 0 7 0 0 70 0
7 0 T . P R F S S . ( A TM) 3 . 0 5 . 0 6 . 6
C OMPOS N( H 2 0 ) 1 . 0 0 0 0 . 5 9 6 0 . 4 5 ?
PATH L F N G T H ( C M) 9 . 3? 9 . 3 2 9 . 3 ?
W A V F ( M. U ) W'AVF ( C M- 1 )
t ENGTH NUMBER
1 . 7 2 5  / 5 7 9 7 0 . 0 1  3 0 .  00 0 0 1 60
1 . 7 5 0  / 5 7 1 4 0 . 1 1 6 0 . 0 0 0 0 2 9 5
1 . 7 7 5  / 5 6 3 4 0 . 2 1 ? 0 . 0 0 0 0 415
1 . 8 0 0  / 5 5 5 6 0 . 3 3 4 0 . 0 0 0 0 641
1 . 8 2 5  / 5 4 7 9 0 . 3 9 5 0 . 1 0 1 0 7 2 9
1 . 8 5 0  / 5 4 0 5 0 . 4 0 3 0 . 1 0 7 0 739
1 . 8 7 5  / 5 3 3 3 0 . 3 5 9 0 . 0 0 0 0 6 52
1 . 9 0 0  / 5 2 6 3 0 . 3 3 8 0 . 0 3 0 0 6 7 6
1 . 9 2 5  / 5 1 9 5 0 . 3 4 8 0 . 0 0 0 0 6 6 2
1 . 9 5 0  / 5 1 2 8 0 . 2 4 4 0 . 0 0 0 0 5 2 8
1 . 9 7 5  / 5 0 6 3 0 . 1 3 5 0 . 0 0 0 0 304
2 . 0 0 0  / 5 0 0 0 0 . 0 7 1 0 . 0 0 0 0 1 6 3
2 . 0 2 5  / 4 9 3 8 0 . 0 7 7 0 . 0 0 0 0 1 54
2 . 0 5 0  / 4 8 7 8 0 .  0 3 ? 0 . 0 0 0 0 0 8 2
2 . 0 7 5  / 4 8 1 9 0 . 0 0 8 0 . 0 0 0 0 0 8 3
2 . 1 0 0  / 4 7 6 2 0 . 0 4 6 0 . 0 0 0 0 0 0 0
2 . 1 2 5  / 4 7 0 6 0 .  0 4 4 0 . 0 0 0 0 029
2 . 1 5 0  / 4681 0 . 0 6 3 0 . 0 0 0 0 0 4 3
2 . 1 7 5  / 4 5 9 8 0 . 0 4 0 0 . 0 0 0 0 0 99
2 . 2 0 0  / 4 5 4 5 0 .  0 6 5 0 . 0 0 0 0 0 08
2 . 2 2 5  / 4 4 9 4 0 .  0 6 4 0 . 0 0 0 0 091
2 . 2 5 0  / 4 4 4 4 0 . 0 3 1 0 . 0 0 0 0 0 0 8
2 . 2 7 5  / 4 3 9 6 0 . 0 4 6 0 . 0 0 0 0 0 6 0
2 . 3 0 0  / 4 3 4 8 0 . 0 2 8 0 . 0 0 0 0 0 4 5
2 . 3 2 5  / 4301 0 . 0 4 0 0 . 0 0 0 0 0 6 7
2 . 3 5 0  / 4 2 5 5 0 . 0 6 9 0 . 0 0 0 0 11 5
2 . 3 7 5  / 4211 0 .  0 9 5 0 . 0 0 0 0 054
2 . 4 0 0  / 4 1 6 7 0 . 1 1 4 0 . 0 0 0 0 161
2 . 4 2 5  / 4 1 2 4 0 . 1 0 9 0 . 0 0 0 0 235
2 . 4 5 0  / 4 0 8 2 0 . 2 0 4 0 . 0 0 0 0 4 1 8
2 . 4 7 5  / 4 0 4 0 0 . 4 6 9 0 . 1 5 6 0 7 3 8
2 . 5 0 0  / 4 0 0 0 0 . 6 9 8 0 . 6 5 7 0 9 4 0
2 . 5 2 5  / 3 9 6 0 0 .  8 7 6 0 . 9 3 8 1 0 0 0
2 . 5 5 0  / 3 9 2 2 0 . 9 6 0 1 . 0 0 0 1 0 0 0
2 . 5 7 5  / 3 8 8 3 0 . 9 7 8 1 . 0 0 0 1 0 0 0
2 . 6 0 0  / 3 8 4 6 0 . 9 1 0 1 . 0 0 0 1 ooo
2 . 6 2 5  / 3 8 1 0 0 . 0 0 0 0 . 9 2 8 0 9 8 8
2 . 6 5 0  / 3 7 7 4 0 . 8 7 8 0 . 9 9 2 1 0 0 0
2 . 6 7 5  / 3 7 3 8 0 . 9 8 6 1 . 0 0 0 1 0 0 0
2 . 7 0 0  / 3 7 0 4 0 . 9 7 ? 1 . 0 0 0 1 boo
2 . 7 2 5  / 3 6 7 0 0 . 9 5 8 1 . 0 0 0 1 0 0 0
2 . 7 5 0  / 3 6 3 6 0 . 9 8 6 1 . 0 0 0 0 9 8 5
2 . 7 7 5  / 3 6 0 4 0 . 9 7 1 1 . 0 0 0 0 9 8 5
2 . 8 0 0  / 3571 0 . 9  39 1 . 0 0 0 1 0 0 0
2 . 8 2 5  / 3 5 4 0 0 . 9 0 7 0 . 9 8 1 1 0 0 0
2 . 8 5 0  / 3 5 0 9 0 . 8 3 ? 0 . 9 6 1 1 0 0 0
2 . 8 7 5  / 3 4 7 8 0 . 7 4 3 0 . 8 5 0 0 9 6 7
2 . 9 0 0  / 3 4 4 8 0 . 6 6 3 0 . 7 4 9 0 9 4 7
2 . 9 2 5  / 3 4 1 9 0 . 5 3 3 0 . 6 2 9 0 821
2 . 9 5 0  / 3 3 9 0 0 . 4 3 6 0 . 4 8 7 0 8 1 0
2 . 9 7 5  / 3361 0 . 3 4 7 0 . 3 9 2 0 6 7 3
3 . 0 0 0  / 3 3 3 3 0 . 3 0 9 0 . 3 3 1 0 560
3 . 0 2 5  / 3 3 0 6 0 . 2 2 6 0 . 1 3 8 0 510
3 . 0 5 0  / 3 2 7 9 0 . 1 6 3 0 . 2 2 1 0 5 2 8
3 . 0 7 5  / 3 2 5 2 0 . 1 4 4 0 , 1 4 6 0 3 2 7
3 . 1 0 0  / 3 2 2 6 0 . 1 7 5 0 . 1 5 4 0 37 8
265
3 . 1 7 b 32 0 0 0 . 1 4 7 0 .
3 . 1 5 0 31 75 0 . 1 1 4 0 .
3 . 1 7 5 31 5  0 0 . 2 2 4 0.
3 . 2 0 0 3 1 2 5 0 . 2 0 0  • 0 .
3 . 2 2 5 3101 0 . 1 8 7 0 .
3 . 2 5 0 3 0 7 7 0 . 2 1 0 0 .
3 . 2 7 5 3 0 5 3 0 . 1 78 0 .
3 .  300 3 0 3 0 0 . 1 6 6 0 .
3 . 3 2 5 3 0 0 8 0 . 1 8 3 0.
3 . 3 5 0 2 9 8 5 0 .  09 0 0 .
3 . 3 7 5 2 9 6 3 0 . 0 9 5 0.
3 . 4 0 0 2941 0 . 0 1 3 0.
3 . 4 2 5 29 2 0 0 . 0 8 ? 0.
3.  450 2 8 9 9 0 . 1 3 4 0.
3 . 4 7 5 2 8 7 8 0 . 1  46 0.
3 . 5 0 0 2 8 5  7 0 . 1 6 0 0.
3 . 5 2 5 2 8 3 7 0 . 1 0 5 0.
3 . 5 5 0 2 8 1 7 0 . 1 8 5 0.
3 . 5 7 5 2 7 9 7 0 . 0 6 0 0.
3 . 6 0 0 2 7 7 8 0 .000 0.
3 . 6 2 5 2 7 5 9 0 . 0 1 6 0.
3 . 6 5 0 2 7 4 0 0 . 0 7 1 0.
3 . 6 7 5 2 7 21 0 . 0 9 2 0.
3 . 7 0 0 27 03 0 .  0 7 9 0.
3 . 7 2 5 2 6 8 5 0 . 0 7 5 0.
3 . 7 5 0 2 6 6 7 0 . 0 5 9 0.
3 . 7 7 5 2 6 4 9 0 . 1 1 5 0.
3 . 8 0 0 2 6 3 2 0 . 0 0 0 0.
3 . 8 2 5 2 6 1 4 0 . 0 2 9 0.
3 . 8 5 0 2 5 9 7 0 . 1 9 2 0.
3 . 8 7 5 25 81 0 . 2 5 ? 0.
3 . 9 0 0 2 5 6 4 0.000 0.
3 . 9 2 5 2 5 4 8 0 . 1 5 8 0.
3 . 9 5 0 2 5 3 2 0 . 2 4 1 0.
3 . 9 7 5 2 5 1 6 0 . 1 9 0 0.
4 . 0 0 0 2 5 0 0 0 . 1 4 7 0.
0 .  30 2  
0 . 1 9 0  
0 . 3 1 0  
0 . 3 2 5  
0 . 2 3 5  
0 . 1 5 8  
0 . 0 9 7  
0 . 2 0 0  
0 . 1 6 1  
0 . 2 6 7  
0 . 2 1 4  
0 . 1  38 
0 . 1 7 ?  
0 . 1 1 5  
0 . 0 7 7  
0 . 1 2 0  
0.000 
0 .000  
0 . 0 9 1  
0 . 2 4 0  
0.000 
0 . 0 9  5 
0.000 
0 . 0 6 2  
0 . 0 5 9  
0 .  3 6 8  
0 .000  
0 .  0 0 0  
0 .  3 0 8  
0 . 0 0 0  
0 .  0 0 0  
0 . 1 8 ?  
0 . 1 0 0  
0 .  0 0 0  
0.000 
0 . 4 0 0
07 0
000
04 5
111
0 7 9
109
1 1 7
0 9 2
09 4
1 1 3
01 5
1 6 6
041
01 7
00 0
019
0 6 4
01 9
069
000
000
021
000
000
00 0
00 0
099
111
0 3 3
0 0 0
0 0 0
0 0 0
0 0 0
1 2 7
0 0 0
1 6 4
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RUN NUMBFR 571 5 7 ? 573 574 5 7 5
GAS H 2 0 / N 2 H 2 0 / N 2 H 2 0 / N ? H 2 0 / N ? H ? 0 / N ?
T F M P F K A UR F ( K ) 9 0 0 9 00 9 00 9 00 9 0 0
T O T . P R E S S . ( A T M ) 1 . 8 2 . 4 3 . 6 4 . 9 6 . 6
COMPOSN H 2 0 ) 1 . 0 0 0 0 . 7 6 4 0 . 5 0 9 0 . 3 7 0 0 . 2 7 3
PATH I F G T H( C M) 9 . 3 2 9 . 3 2 9 . 3? 9 . 3 ? 9 . 3 ?
WAVF (Mil WAVE ( CM- 1 )
L E NGTH NUMBER
1 . 7 2  5 5 7 9 7 0 . 0 3 7 0 . 0 1 4 0 . 0 0 0 0 . 0 0 0 0 . 2 5 8
1 . 7 5 0 571 4 0 . 0 8 5 0 . 0 6 7 0 . 1 2 3 0 . 1 4 0 0 . 2 5 1
1 . 7 7 5 5 6 3 4 0 . 1 1 0 0 . 1 5 2 0 . 2 0 1 0 . 2 1 0 0 . 381
1 . 8 0 0 5 5 5 6 0 . 1 7 9 0 . 1 9 6 0 .  2 8 8 0 . 3 5 2 0 . 5 4 0
1 . 8 2 5 5 4 7 9 0 . 2 2 8 0 . 2 5 2 0 .  361 0 .  438 0 . 6 0 8
1 . 8 5 0 5 4 0 5 0 . 2 2 0 0 . 2 3 8 0 . 3 5 2 0 . 4 2 9 0 . 6 1 0
1 . 8 7 5 5 3 3 3 0 . 1 9 3 0 . 2 0 3 0 . 3 0 7 0 .  366 0 . 5 5 4
1 . 9 0 0 5 2 6 3 0 . 1 8 5 0 . 2 0 4 0 . 2 9 1 0 . 3 7 5 0 . 5 5 8
1 . 9 2 5 5 1 9 5 0 . 2 0 0 0 . 2 1 7 0 .  3 0 8 0 .  387 0 . 5 7 7
1 . 9 5 0 5 1 2 6 0 . 1 8 5 0 . 1 9 5 0 . 2 4 8 0 . 3 1 7 0 . 5 1 8
1 . 9 7 5 5 0 6 3 0 . 1 1 4 0 . 1 1 6 0 . 1 7 8 0 . 1 8 4 0 . 3 4 8
2 . 0 0 0 5 0 0 0 0 . 0 7 5 0 . 0 5 2 0 . 0 9  5 . 0 . 0 7 5 0 . ? 3 4
2 . 025 4 9 3 8 0 . 0 4 3 0 . 0 3 5 0 . 0  29 0 . 0 0 0 0 . 1 2 0
2 . 0 5 0 4 8 7 8 0 . 0 3 ? 0 . 0 2 4 0 . 0 0 5 0 . 0 0 0 0 .  0 7 8
2 . 0 7 5 4 8 1 9 0 . 0 3 8 0 . 0 1 0 0 . 0 1 1 0 . 0 0 0 0 . 0 8 4
2 . 1 0 0 4 7 6 2 0 . 0 2 9 0 . 0 2 4 0 .  0 0 0 0 . 0 0 0 0 . 0 7 3
2 . 1 2 5 4 7 0 6 0 . 0 3 3 0 . 0 0 0 0 .  0 0 0 0 .  000 0 . 0 7 1
2 . 1 5 0 4651 0 . 0 3 0 0 . 0 0 0 0 .  0 0 0 0 . 0 0 0 0 . 0 5 1
2 . 1 7 5 4 5 9 8 0 . 0 1 2 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 091
2 . 2 0 0 4 5 4 5 0 . 0 3 8 0 . 0 0 3 0 . 0 0 0 0 . 0 0 0 0 . 0 6 9
2 . 2 2 5 4 4 9 4 0 . 0 1 9 0 . 0 0 9 0 . 0  26 0 . 0 0 0 0 . 0 8 ?
2 . 2 5 0 4 4 4 4 0 . 0 3 0 0 . 0 0 0 0 . 0 1 4 . 0 . 0 0 0 0 . 0 7 3
2 . 2 7 5 4 3 9 6 0 . 0 4 1 0 . 0 0 0 (V. 0 0 2 0 . 0 0 0 0 . 0 6 7
2 . 3 0 0 4 3 4 8 0 . 0 3 5 0 . 0 2 4 0 . 0 1 2 0 . 0 0 0 0 .  0 9 ?
2 . 3 2 5 4301 0 . 0 3 4 0 . 0 1 4 0 . 0 1 2 0 . 0 0 0 0 . 1 0 3
2 . 3 5 0 4 2 5 5 0 . 0 3 9 0 . 0 2 3 0 . 0 5 8 0 . 0 0 0 0 . 1  0 3
2 . 3 7 5 4211 0 . 0 5 4 0 . 0 2 0 0 . 0 3 0 0 . 0 0 0 0 . 1 2 1
2 . 4 0 0 4 1 6 7 0 . 0 9 3 0 . 0 4 2 0 . 0 5 7 0 . 0 4 6 0 . 2 0 8
2 . 4 2 5 4 1 2 4 0 . 0 9 6 0 . 1 1 2 0 . 1 3 1 0 . 1 4 4 0 .  281
2 . 4 5 0 4 0 8 2 0 . 1 8 4 0 . 1 9 9 0 . 2 9 8 0 . 3 2 3 0 . 5 1 7
2 . 4 7 5 4 0 4 0 0 . 3 2 9 0 . 3 7 4 0 .  4 9 2 0 . 5 9 0 0 . 7 8 ?
2 . 5 0 0 4 0 0 0 0 . 4 8 0 0 . 5 8 4 0 . 7 2 2 0 . 8 1 9 0 . 9 4 0
2 . 5 2 5 3 9 6 0 0 . 6 7 7 0 . 7 5 1 0 .  881 0 . 9 6 5 0 . 9 9 0
2 . 5 5 0 3 9 2 2 0 . 7 2 7 0 . 8 2 0 0 . 9 5 0 0 . 9 8 6 1 . 0 0 0
2 . 5 7 5 3 8 8 3 0 . 7 1 1 0 . 8 4 2 0 . 9 5 6 0 . 9 8 5 1 . 0 0 0
2 . 6 0 0 3 8 4 6 0 . 6 3 4 0 . 7 1 1 0 . 8 8 9 0 . 9 5 0 0 . 9 8 7
2 . 6 2 5 3 8 1 0 0 . 5 1 5 0 . 6 2 8 0 . 7 4 2 0 . 7 2 3 0 . 5 8 8
2 . 6 5 0 3 7 7 4 0 . 6 1 5 0 . 6 8 0 0 . 8 4 6 0 . 8 8 9 0 . 9 6  2
2 . 6 7 5 3 7 3 8 0 . 7 7 6 0 . 8 8 3 0 . 9 6 0 0 . 9 9 1 0 . 9 9 8
2 . 7 0 0 3 7 0 4 0 . 7 5 8 0 . 8 4 9 0 . 9 5 0 0 . 9 9 2 0 . 9 9 8
2 . 7 2 5 3 6 7 0 0 . 6 9 8 0 . 8 1 3 0 . 9 2 8 0 . 9 7 7 0 . 9 9 8
2 . 7 5 0 3 6 3 6 0 . 7 2 ? 0 . 8 4 2 0 . 9 4 2 0 . 9 8 4 0 . 9 9 7
2 . 7 7 5 3 6 0 4 0 . 7 2 2 0 . 8 3 2 0 . 9 2 3 0 . 9 9 1 0 . 9 9 7
2 . 8 0 0 3571 0 . 7 0 3 0 . 8 0 8 0 . 9 4 7 0 . 9 6 9 0 . 9 9 7
2 . 8 2 5 3 5 4 0 0 . 6 6 8 0 . 7 7 2 0 . 9 0 0 0 . 9 6 9 0 . 9 9 7
2 . 8 5 0 3 5 0 9 0 . 6 5 1 0 . 7 3 4 0 . 8 8 1 0 . 9 6 9 0 . 9 9 7
2 . 8 7 5 3 4 7 8 0 . 5 7 3 0 . 6 8 0 0 . 8 2 1 0 . 9 2 6 0 . 9 9 7
2 . 9 0 0 3 4 4 8 0 . 5 1 6 0 . 5 8 2 0 . 7 4 4 0 . 8 5 5 0 . 9 7 6
2 . 9 2 5 3 4 1 9 0 . 4 2 2 0 . 4 8 5 0 . 6 3 6 0 . 7 8 6 0 . 9 4 2
2 . 9 5 0 3 3 9 0 0 . 3 4 8 0 . 4 4 2 0 .  5 7 3 0 . 7 1 8 0 . 8 5 ?
2 . 9 7 5 3361 0 . 2 9 9 0 . 3 2 7 0 .  4 6 7 0 . 6 2 2 0 . 8 0 8
3 . 0 0 0 3 3 3 3 0 . 2 1 9 0 . 2 3 9 0 . 3 4 8 0 . 4 7 7 0 . 6 5 0
3 . 0 2 5 3 3 0 6 0 . 1 8 8 0 . 2 0 9 0 . 2 5 9 0 . 3 5 7 0 .  5 9 0
3 . 0 5 0 3 2 7 9 0 . 1 6 5 0 . 1 9 4 0 . 2 2 0 0 . 2 7 4 0 . 5 4 8
3 . 0 7 5 3 2 5 2 0 . 1 4 1 0 . 1 2 7 0 . 2 1 9 0 . 2 8 7 0 . 4 6 0
3 . 1 0 0 3 2 2 6 0 . 1 4 6 0 . 0 9 8 0 . 1 36 0 . 2 3 1 0 . 4 39
267
3 . 1 2 5 3 2 0 0 0 . 1 2 8 0 . 0 8 4 0 . 1 0 9 0 . 1 9 6 0 .  ?9G
3 . 1 5 0 3 1 7 5 0 . 0 7 8 0 . 0 6  5 0 .  06 3 0 . 0 6 2 0 .  3 07
3 . 1 7 5 3 1 5 0 0 . 0  4 u 0 . 1 1 8 0 . 1 2 0 0 . 1 0 4 0 . 3 3 2
3 . 2 0 0 3 1 2 5 0 . 0 1 5 0 . 1 0 1 0 . 1 5 1 0 . 1 5 1 0 .  305
3 . 2 2 5 3101 0 . 0 6 7 0 . 0 5 2 0 .  0 6 0 0 . 0 9 8 0 . 2 6 8
3 . 2 5 0 3 0 7 7 0 . 0 3 4 0 . 0 5 4 0 .  0 6 0 0 . 1 3 5 0 . 3 2 6
3 .  275 3 0 5 3 0 . 0 2 6 0 . 0 2 8 0 . 1  36 0 . 1 6 2 0 . 2 4 7
3 . 3 0 0 3 0 3 0 0 . 0 7 ? 0 . 0 7 4 0 . 1  28 0 . 1 3 3 0 . 2 3 7
3 . 3 2 5 3 0 0 8 0 . 0 7 4 0 . 0 7 8 0 . 1 0 4 0 . 0 9 9 0 .  ?Q4
3 . 3 5 0 2 9 8 5 0 . 0 6 8 0 . 0 9 0 0 . 0 6 8 0 . 0 8 0 0 . 1 9 5
3 . 3 7 5 2 9 6 3 0 . 0 3 9 0 . 0 2 1 0 .  06 0 0 . 0 5 3 0 . 1  57
3 .  400 2941 0 . 0 3 0 0 . 0 1 1 0 . 0 9  3 0 . 0 4 0 0 . 2 4 ?
3 . 4 2 5 29 2 0 0.000 0 . 0 8 5 0 . 0 4 1 0 . 0 8 3 0 . 2 0 8
3 . 4 5 0 2 8 9 9 0 . 0 9 6 0 . 0 3 4 0. 000 0 . 0 4 2 0 . 1 2 0
3 . 4 7 5 2 8 7 8 0 . 0 5 6 0 . 0 3 4 0.000 0 . 0 8 6 0 . 2 1 ?
3 . 5 0 0 2 8 5 7 0 . 0 3 3 0 . 0 1 2 0 . 0 4 4 0 . 0 1 2 0 . 0 1 4
3 . 5 2 5 2 8 3 7 0.000 0 . 0 5 8 0. 000 0. 000 0 . 1 6 4
3 . 5 5 0 2 8 1 7 0 . 0 3 6 0.000 0. 000 0 . 0 6 8 0 . 0 7 0
3 . 5 7 5 2 7 9 7 0.000 0 . 0 3 8 0 . 0 3 4 0 . 0 3 2 0 . 1 2 9
3 . 6 0 0 2 7 7 8 0 . 0 0 0 0 . 0 4 1 0 . 0 0 0 0.000 0 . 0 1 4
3 . 6 2 5 2 7 5 9 0 . 0 5 ? 0 .  0 0 0 0 . 0 6 4 0 . 0 1 5 0 . 1 6 3
3 . 6 5 0 2 7 4 0 0 . 0 0 0 0 . 0 1 5 0 . 0 0 0 0 . 0 1 6 0 . 0 5 4
3 . 6 7 5 2721 0 . 1 0 3 0 . 0 3 0 0. 000 0.000 0 . 0 1 8
3 . 7 0 0 2 7 0 3 0 . 0 2 8 0 . 0 1 6 0 .  0 0 0 0 . 0 1 7 0 . 0 9 7
3 . 7 2 5 2 6 8 5 0 . 0 6 4 0.000 0.000 0 . 0 4 7 0 . 0 6 6
3 . 7 5 0 2 6 6 7 0 . 1 3 5 0 .  0 3 6 0 . 0 6 9 0.000 0 . 0 0 0
3 . 7 7 5 2 6 4 9 0 . 1 2 2 0.000 0 . 0 5 4 0.000 0 .  33 0
3 . 8 0 0 2 6 3 2 0.000 0.000 0.000 0.000 0 .  oo o
3 . 8 2 5 261 4 0.000 0 . 0 2 1 0 . 0 5 7 0.000 0 . 1 8 7
3 . 8 5 0 2 5 9 7 0 . 0 4 1 0 . 0 8 7 0.000 0.000 0 . 1 9 7
3 . 8 7 5 2581 0.000 0 . 1 0 0 0.000 0. 000 0 .  30 5
3 . 9 0 0 2 5 6 4 0 . 0 7 0 0 . 0 5 6 0 . 0 4 3 0 . 0 3 1 0 . 0 3 6
3 . 9 2 5 2 5 4 8 0 .000 0.000 0.000 0 . 0 7 0 0 . 0 3 4
3 . 9 5 0 2 5 3 2 0.000 0 . 0 2 8 0.000 0 . 0 3 4 0.000
3 . 9 7 5 2 5 1 6 0 . 0 5 4 0.000 0 . 0 1 9 0.000 0 ,  0 3 9
4 . 0 0 0 2 5 0 0 0 . 0 5 6 0 . 0 9 1 0. 000 0.000 0.000
PUN NUMBER 
GAS
T E M P F R A 
TOT . PRF 
C O M P O S N
PATH t F N G T H ( C M )
URF ( ¥ )
S. (ATM) 
H 20 )
W A V E ( M U  
I F N G 1 H 
1 . 7 2 5  
1 . 7 5 0  
1 . 7 7 5  
1 . 8 0 0  
1 . 8 2 5  
1 . 8 5 0  
1 . 8 7 5  
1 . 9 0 0  
1 . 9 2 5  
1 . 9 5 0
1 . 9 7 5  
2. 000
2 . 0 2 5
2 . 0 5 0
2 . 0 7 5  
2 . 1 0 0  
2 . 1 2 5
2 . 1 5 0  
2 . 1 7 5  
2 . 200 
2 . 2 2 5  
2 . 2 5 0  
2 . 2 7  5 
2 . 3 0 0  
2 . 3 2 5  
2 . 3 5 0  
2 . 3 7 5  
2 . 4 0 0  
2 . 4 2 5
2 . 4 5 0
2 . 4 7 5
2 . 5 0 0
2 .  5 2 5
2 . 5 5 0
2 . 5 7 5
2 . 6 0 0
2 . 6 2 5
2 . 6 5 0
2 . 6 7 5
2 . 7 0 0
2 . 7 2 5
2 . 7 5 0
2 . 7 7 5
2 . 8 0 0  
2 . 8 2 5
2 . 8 5 0  
2 . 8 7 5
2 . 9 0 0  
2 . 9 2 5
2 . 9 5 0
2 . 9 7 5  
3 . 0 0 0
3 . 0 2 5
3 . 0 5 0
3 . 0 7 5
3 . 1 0 0
W A V E ( C M -
NUMBER
579  7
5 7 1 4
56 3 4
5 5 5 6
5 4 7 9
5 4 0 5
5 3 3 3
5 2 6 3
5 1 9 5
51 28
5 0 6 3
5 0 0 0
4 9 3 8
4 8 7 8
4 8 1 9
4 7 6 2
4 7 0 6
4651
4 5 9 8
4 5 4 5
4 49 4
4 4 4 4
4 3 9 6
4 3 4 8
4301
4 2 5 5
4211
4 1 6 7
4 1 2 4
4 0 8 2
4 0 4 0
4 0 0 0
3 9 6 0
3 9 2 2
3 8 8 3
3 8 4 6
3 8 1 0
3 7 7 4
3 7 3 8
3 7 0 4
3 6 7 0
3 6 3 6
3 6 0 4
3 5 71
3 5 4 0
3 5 0 9
3 4 7 8
3 4 4 8
3 4 1 9
3 3 9 0
3361
3 3 3 3
3 3 0 6
3 2 7 9
3 2 5 2
3 2 2 6
5 76 
H ? 0 / N 2 
9 0 0  
2 . 7  
1 .000
9 . 3 2
0 . 0 2 1  
0 . 0 1 4  
0 . 1 2 1  
0 . 2 3 ?  
0 . 2 8  4 
0 .  281 
0 . 2 5 2  
0 . 2 1 8  
0 . 2 4 7  
0 . 1 8 9  
0 . 1 2 0  
0 . 0 5 7  
0 . 0 0 8  
0 . 0 1 5  
0 . 0 0 5  
0.000 
0 .000 
0 .000 
0.000 
0 .000 
0.000 
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . - 0 0 2  
0 . 0 0 0  
0 . 0 1 8  
0 . 0 0 7  
0 . 0 7 3  
0 . 1 9 6  
0 . 3 9 6  
0 . 6 1 9  
0 . 7 8 5  
0 . 8 6 2  
0 . 8 5 8  
0 . 7 7 3  
0 . 5 7 5  
0 . 7 2 2  
0 . 8 8 6  
0 . 8 8 0  
0 . 8 3 4  
0 . 8 6 1  
0 . 8 7 5  
0 . 8 4 7  
0 . 7 9 6  
0 . 7 7 ?  
0 . 6 9 9  
0 .  5 9 5  
0 .  48 9  
0 . 4 0 8  
0 . 3 6 3  
0 . 2 5 9  
0 . 2 2 5  
0 . 1 5 9  
0 . 1 1 4  
0 . 1 2 8
5 77 
H 2 0 / N 2  
9 0 0 
3 . 8 
0 . 7 0  7
9 . 3 2
0 . 0 6 5  
0 . 0 7 0  
0 . 1 6 8  
0 . 3 2 1  
0 . 3 6 9  
0 . 3 8 2  
0 . 3 0 0  
0 . 3 0 3  
0 . 3 2 9  
0 . 2 6 0  
0 . 1 5 7  
0 . 0 6 0  
0 . 0 1 3  
0.000 
0 . 0 0 7  
0 . 0 1 2  
0.000 
0.000 
0. 000 
0.000 
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0.000 
0 . 0 2 3  
0 . 0 1 2  
0 . 0 4 9  
0 . 1 0 0  
0 . 2 7 5  
0 . 5 1 5  
0 . 7 4 8  
0 . 9 1 4  
0 . 9 5 3  
0 . 9 6 0  
0 . 8 7 3  
0 . 7 8 7  
0 . 8 6 0  
0 . 9 8 2  
0 . 9 5 0  
0 . 9 5 5  
0 . 9 5 3  
0 . 9 7 0  
0 . 9 6 4  
0 . 9 3 0  
0 . 8 8 1  
0 . 8 5 1  
0 . 7 8 2  
0 . 6 8 6  
0 . 5 7 3  
0 . 5 2 4  
0 . 4 1 7  
0 . 3 1 7  
0 . 2 7 4  
0 .  2 0 9  
0 . 1 4 3
5 7 8  
H 2 0 / N ?  
9 00 
5 . 5  
0 . 4  89 
9 . 3?
0 0 51
0 1 02
0 294
0 39 8
0 51 5
0 5 0 7
0 4 26
0 431
0 4 5 ?
0 3 9 5
0 2 6 6
0 1 58
0 0 69
0 0 0 2
0 0 0 0
0 0 0 0
0 0 0 0
0 00 0
0 0 0 2
0 0 0 2
0 0 0 0
0 0 0 ?
0 0 0 0
0 0 1 6
0 031
0 0 3 8
0 0 3 0
0 0 6 8
0 1 58
0 3 6 ?
0 6 4 5
0 891
0 971
0 9 8 9
0 981
0 9 7 4
0 9 4 4
0 961
0 9 8 8
0 9 8 8
0 9 8 8
0 9 8 8
0 9 8 8
0 9 8 8
0 9 8 8
0 9 8 0
0 9 3 6
0 8 9 8
0 79 6
0 7 4 3
0 611
0 51 5
0 4 3 8
0 361
0 2 6 4
0 1 88
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3 . 1 2 5 3 2 0 0
3 . 1 5 0 3 1 7 5
3 . 1 7 5 3 1 5 0
3 . 2 0 0 3 1 2 5
3 . 2 2 5 31 0 1
3 . 2 5 0 3 0 7 7
3 . 2 7 5 3 0 5 3
3 .  300 30 3 0
3 . 3 2 5 3 0 0 8
3 . 3 5 0 2 9 8 5
3 . 3 7 5 2 9 6 3
3 . 4 0 0 2 9 4 1
3 . 4 2 5 29 2 0
3 . 4 5 0 2 8 9 9
3 . 4 7 5 2 8 7 8
3 . 5 0 0 2 8 5 7
3 . 5 2 5 2 8 3 7
3 . 5 5 0 2 8 1 7
3 . 5 7 5 2 7 9 7
3 . 6 0 0 2 7 7 8
3 . 6 2 5 2 7 5 9
3 . 6 5 0 2 7 4 0
3 . 6 7 5 2 7 2 1
3 . 7 0 0 2 7 0 3
3 . 7 2 5 2 6 8 5
3 . 7 5 0 2 6 6 7
3 . 7 7 5 2 6 4 9
3 . 8 0 0 2 6 3 2
3 . 8 2 5 2 6 1 4
3 , 8 5 0 2 5 9 7
3 . 8 7 5 2 5 8 1
3 . 9 0 0 2 5 6 4
3 . 9 2 5 2 5 4 8
3 . 9 5 0 2 5 3 7
3 . 9 7 5 2 5 1 6
4 . 0 0 0 2 5 0 0
. 0 7 3 0 . 1 6 5 0 . 1 9 9
. 0 7 5 0 . 1 6 1 0 .  091
. 069 0 . 1 1 2 0 . 0 9  7
. 0 4 5 0 . 1 3 ? 0 . 1 1 8
. 0 5 6 0 . 0 6 4 0 . 1 0 3
. 0 6 7 0 . 0 4 7 0 . 2 0 9
. 0 6 9 0 .1 39 0 . 1 4 6
. 0 7 9 0 . 1 0 0 0 . 1 9 3
. 0 9 0 0 . 1 2 1 0 . 1 7 2
. 0 5 4 0 . 1 0 4 0 . 1  38
. 0 0 5 0 . 00 0 0 . 2 2 3
. 0 1 6 0 . 0 4 5 0 . 1 2 1
. 0 0 0 0. 000 0 .  0 5 9
. 0 2 8 0 . 0 2 3 0 . 0 0 0
. 0 0 0 0 . 0 2 5 0 .  0 46
. 0 0 0 0 . 0 1 3 0 . 0 6 4
. 0 0 0 0 . 0 1 3 0.000
. 0 0 0 0.000 0.000
. 0 0 0 0 . 0 0 0 0. 000
. 0 0 0 0 . 0 6 8 0 .  0 3 0
. 0 0 0 0 . 0 3 0 0.000
. 0 0 0 0 . 0 3 1 0 .  0 0 0
. 0 0 0 0 . 0 6 3 0.000
. 0 2 4 0 . 0 1 7 0. 000
. 0 0 0 0 . 0 5 6 0 . 0 0 0
. 0 0 0 0 . 0 7 8 0 .  071
. 0 0 0 0 . 0 2 2 0. ooo
. 0 0 0 0.000 0.000
. 0 0 0 0.000 0 . 0 0 0
.000 0.000 0.000
. 0 0 0 0 . 0 6 0 0 .  0 0 0
. 0 6 0 0 . 1 2 0 0. ooo
. 0 1 4 0.000 0. 000
. 0 1 5 0 . 0 3 4 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0.000
. 0 0 0 0 . 1 0 3 0.000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
RUN NUMBER 6 0 7 6 0 8 6 0 9
GAS H ? 0 / N 2 H 2 0 / N 2 H 2 0 / N ?
T FMpF RAT UFF ( X ) 50 0 500 50 0
T O T . P R F S S . ( AT M) 3 . 0 4 . 1 7 . 0
C OMP OS N( H 2 0 ) 1 . o o o - 0 . 7 2 2 0 . 4 7 1
PATH L F N G T H ( C M ) 9 . 3 ? 9 . 3 2 9 . 3 ?
WAVF ( MU) WA V F ( C M- 1 )
1 F N G T H NUMBFR
1 . 7 2 5  / 5 7 9 7 0 . 0 4 8 0 . 0 3 1 0 2 2 3
1 . 7 5 0  / 5 7 1 4 0 . 0 7 8 0 . 0 7 5 0 2 5 ?
1 . 7 7 5  / 5 6 3 4 0 . 1 4 5 0 . 1 8 0 0 391
1 . 8 0 0  / 5 5 5 6 0 . 2 8 3 0 . 3 4 6 0 5 9 8
1 . 8 2 5  / 5 4 7 9 0 . 3 9 ? 0 . 4 9 4 0 7 4 3
1 . 8 5 0  / 5 4 0 5 0 . 4 1 0 0 . 5 3 5 0 7 8 7
1 .  8 7 5  / 5 3 3 3 0 . 3 7 3 0 . 4 6 9 0 7 4 ?
1 . 9 0 0  / 5 2 6 3 0 . 3 5 3 0 . 4 6 5 0 7 3 3
1 . 9 2 5  / 5 1 9 5 0 . 3 0 4 0 . 4 0 5 0 6 7 7
1 . 9 5 0  / 5 1 2 8 0 . 2 0 1 0 . 2 5 1 0 4 9 5
1 . 9 7 5  / 5 0 6 3 0 . 0 9 7 0 . 1 3 1 0 30 9
2 . 0 0 0  / 5 0 0 0 0 . 0 6 8 0 . 0 3 1 0 229
2 . 0 2 5  / 4 9 3 8 0 . 0 4 0 0 . 0 1 0 0 1 6 3
2 . 0 5 0  / 4 8 7 8 0 . 0 3 1 0 . 0 2 8 0 2 0 4
2 . 0 7 5  / 4 8 1 9 0 . 0 4 ? 0 . 0 1 7 0 1 9 7
2 . 1 0 0  / 4 7 6 2 0 . 0 1 9 0 . 0 2 6 0 181
2 . 1 2 5  / 4 7 0 6 0 . 0 2 7 0 . 0 2 3 0 1 7 4
2 . 1 5 0  / 4651 0 . 0 3 3 0 .  0 1 9 0 1 7 6
2 . 1 7 5  / 4 5 9 8 0 . 0 2 9 0 . 0 1 7 0 171
2 . 2 0 0  / 4 5 4 5 0 . 0 3 5 0 . 0 2 8 0 1 74
2 . 2 2 5  / 4 4 9 4 0 . 0 3 3 0 . 0 2 4 0 1 79
2 . 2 5 0  / 4 4 4 A 0 . 0 2 1 0 . 0 2 4 0 1 9 2
2 . 2 7 5  / A 3 9 6 0 . 0 3 9 0 . 0 3 1 0 2 0 4
2 . 3 0 0  / 4 3 4 8 0 . 0 3 0 0 . 0 2 5 0 1 7 7
2 . 3 2 5  / 4301 0 . 0 2 4 0 . 0 2 2 0 1 79
2 . 3 5 0  / 4 2 5 5 0 . 0 3 9 0 . 0 2 2 0 2 2 9
2 . 3 7 5  / 4211 0 . 0 3 5 0 . 0 4 2 0 2 1 2
2 . 4 0 0  / 4 1 6 7 0 . 0 6 5 0 . 0 2 9 0 2 6 8
2 . A 2 5 / 4 1 2 4 0 . 0 7 4 0 . 0 8 4 0 2 8 5
2 . A 5 0  / 4 0 8 2 0 . 1 2 3 0 . 1 4 8 0 3 8 ?
2 . 4 7 5  / 4 0 4 0 0 . 2 4 ? 0 . 3 1 1 0 5 8 3
2 . 5 0 0  / 4 0 0 0 0 . 4 6 8 0 . 5 7 7 0 8 2 6
2 . 5 2 5  / 3 9 6 0 0 . 7 2 8 0 . 8 2 6 0 9 6 7
2 . 5 5 0  / 39 22 0 , 8 8 8 0 . 9 6 0 1 0 0 0
2 . 5 7 5  / 3 8 8 3 0 . 9 5 7 0 . 9 9 7 1 0 0 0
2 . 6 0 0  / 3 8 4 6 0 . 9 3 5 0 . 9 9 7 0 9 9 6
2 . 6 2 5  / 3 8 1 0 0 . 8 5 3 0 . 9 6 3 1 0 0 0
2 . 6 5 0  / 3 7 7 4 0 . 8 9 4 0 . 9 8 0 1 0 0 0
2 . 6 7 5  / 3 7 3 8 0 . 9 5 0 0 . 9 9 6 1 0 0 0
2 . 7 0 0  / 3 7 0 4 0 . 9 3 7 0 . 9 9 3 1 0 0 0
2 . 7 2 5  / 3 6 7 0 0 . 9 3 6 0 . 9 8 9 1 0 0 0
2 . 7 5 0  / 3 6 3 6 0 . 9 5 2 0 . 9 9 6 1 0 0 0
2 . 7 7 5  / 3 6 0 4 0 . 9 1 8 0 . 9 8 5 1 0 0 0
2 . 8 0 0  / 3 5 7 1 0 . 8 6 6 0 . 9 5 5 1 0 0 0
2 . 8 2 5  / 3 5 4 0 0 . 7 7 1 0 . 8 7 6 1 0 0 0
2 . 8 5 0  / 3 5 0 9 0 . 6 5 4 0 . 7 8 9 0 9 8 7
2 . 8 7 5  / 3 4 7 8 0 . 5 1 8 0 . 6 2 0 0 9 1 8
2 . 9 0 0  / 3 4 4 8 0 . 3 9 9 0 . 5 0 0 0 8 2 7
2 . 9 2 5  / 3 4 1 9 0 . 2 8 3 0 . 3 6 1 0 6 7 6
2 . 9 5 0  / 3 3 9 0 0 . 2 2 4 0 . 3 1 7 0 6 0 7
2 . 9 7 5  / 3 3 61 0 . 1 5 0 0 . 2 1 6 0 541
3 . 0 0 0  / 3 3 3 3 0 . 1 7 2 0 . 1 9 1 0 501
3 . 0 2 5  / 3 3 0 6 0 . 1 0 1 0 . 1 4 9 0 4 8 6
3 . 0 5 0  / 3 2 7 9 0 . 0 9 7 0 . 1 2 6 0 4 1 6
3 . 0 7 5  / 3 2 5 2 0 . 0 9 4 0 . 1 1 5 0 4 0 8
3 . 1 0 0  / 3 2 2 6 0 . 0 9 6 0 . 1 3 1 0 4 0 2
3 . 1 2 5 3200 0 . 0 6 1 0.  09 3 0 5 51
3 . 1 5 0 31 75 0 . 0 4 ? 0 . 0 9 1 0 2 8 6
3 . 1 7 5 31 50 0 . 0 6 0 0 . 1 0 2 0 340
3 . 7 0 0 3125 0 . 0 7 3 0 . 1 2 0 0 4 06
3 . 7 2 5 31 01 0 . 0 8 8 0 . 0 9 4 0 3 38
3 . 2 5 0 30 77 0 . 0 5 4 0 . 0 7 1 0 361
3 . 7 7 5 3053 0 . 0 3 7 0 . 0 2 7 0 338
3 . 3 0 0 3030 0 . 0 6 3 0 . 1 1 5 0 379
3 . 3 2 5 3008 0 . 0 4 1 0 . 0 7 0 0 356
3 . 3 5 0 2985 0 . 0 4 1 0 . 0 2 3 0 339
3 . 375 296.3 0 . 0 5 6 0 . 0 6 0 0 277
3.  4 00 2941 0 . 0 0 0 0 . 0 4 7 0 233
3 . 4 2 5 2920 0 . 0 4 5 0 . 0 2 4 0 244
3 . 4 5 0 2899 0 . 0 0 0 0 . 0 3 2 0 213
3 . 4 7 5 2878 0 . 0 2 3 0 . 0 5 0 0 204
3 . 5 0 0 2857 0 . 0 0 0 0 . 0 4 4 0 258
3 . 5 2 5 2837 0 . 0 6 7 0 . 0 0 0 0 2 1 0
3 . 5 5 0 281 7 0 . 0 2 5 0 . 0 0 0 0 243
3 . 5 7 5 27 97 0 .  096 0 . 0 0 0 0 225
3 . 6 0 0 2778 0 . 0 0 0 0 . 0 0 0 0 257
3 . 6 2 5 2759 0 . 0 0 0 0 . 0 3 2 0 193
3 . 6 5 0 2740 0 . 0 2 1 0 . 0 6 5 0 2 0 0
3 . 6 7 5 2721 0 . 0 0 0 0 . 0 9 3 0 163
3 . 7 0 0 2703 0 . 0 0 0 0 . 0 0 0 0 274
3 . 7 2 5 2685 0 . 0 0 0 0 . 0 0 0 0 2 0 0
3 . 7 5 0 2 6 6 7 0 . 0 1 3 0 . 0 4 2 0 2 2 1
3 . 7 7 5 2649 0 . 0 0 0 0 . 0 0 0 0 271
3 . 8 0 0 26 32 0 . 0 1 5 0 . 0 6 3 0 290
3 . 8 2 5 261 4 0 . 0 0 0 0 . 0 3 4 0 2 7 6
3 . 8 5 0 2 5 9 7 0 . 0 0 0 0 . 0 8 8 0 333
3 . 8 7 5 2581 0 . 0 0 0 0 . 0 0 0 0 341
3 . 9 0 0 2564 0 . 0 0 0 0 . 0 0 0 0 2 2 1
3 . 9 2 5 2548 0 . 0 0 0 0 . 1 7 0 0 173
3 . 9 5 0 2532 0 . 0 0 0 0 . 0 4 5 0 178
3 . 9 7 5 2516 0 . 0 4 3 0 . 0 0 0 0 164
4 . 0 0 0 25 00 0 . 0 6 5 0 . 0 0 0 0 170
PUN NtJMBFR 61 0 6 1 1 6 1 ? 613
GAS H20/N2 H 2 0 / N 2 H 2 0 / N? H 2 0 / N 2
TFMPF PA URF ( K ) 700 700 70 0 700
T 0 T . P R F S . ( ATM) 2 . 3 3 . 4 4 . 9 6 . 7
COMPOSN H 2 0 ) 1 . ooo 0 . 6 8 8 0.  470 0 . 3 4 7
PATH I.F G TH ( C M ) 9 . 3 ? 9 . 3 2 9 . 3 2 32
WAVE (MU WAVF (CM- 1 )
I E N 6 TH NUMBER
1 . 7 2 5 5797 0 . 0 1 9 0 . 0 0 6 0 . 086 0 . 0 0 0
1 . 7 5 0 5 714 0 . 0 0 7 0 . 0 5 3 0 . 1 1 3 0 . 2 0 8
1 . 7 7 5 5634 0 . 0 4 6 0 . 1 0 1 0 . 2 5 9 0.  320
1 . 8 0 0 5556 0.  057 0 . 1 5 4 0.  380 0 . 5 1 0
1 . 8 2 5 5479 0 .  079 0 . 1 7 5 0 . 4 5 7 0 . 6 1 4
1 . 8 5 0 5405 0 . 0 8 0 0 . 1 7 7 0.  460 0 . 6 2 8
1 . 8 7 5 5 333 0 . 0 7 2 0 . 1 6 7 0 . 4 1 6 0 . 6 0 0
1 . 9 0 0 5263 0 . 068 0 . 1 6 9 0 . 4 1 7 0 .  587
1 . 9 2 5 5195 0 . 0 7 6 0 . 1 4 4 0 . 4 0 2 0 . 5 5 3
1 . 9 5 0 5128 0 . 0 5 6 0 . 1 2 1 0.  306 0 .  433
1 . 9 7 5 5063 0 . 0 3 7 0 . 0 7 2 0 . 2 1 ? 0 . 2 6 5
2 . 0 0 0 5000 0 . 033 0 . 0 3 5 0 . 1 2 3 0 . 1 2 0
2 . 0 2 5 4938 0 . 0 3 3 0 . 0 4 1 0 . 096 0 . 0 7 0
2 . 0 5 0 4878 0 . 0 2 9 0 . 0 2 7 0 . 0 6 6 0 . 0 5 0
2 . 0 7 5 4819 0 . 038 0 . 0 5 5 0 . 0 7 8 0 . 0 5 0
2 . 1 0 0 4762 0 . 0 3 1 0 . 0 3 6 0 . 0 6 9 0 . 0 0 0
2 . 1 2 5 4706 0 . 0 3 0 0 . 0 2 7 0 . 0 8 7 0 . 0 0 0
2 . 1 5 0 4651 0 .  0 3 ? 0 . 0 3 0 0 .  071 0 . 0 0 0
2 . 1 7 5 4598 0 . 0 3 6 0 . 0 3 5 0 . 077 0 . 0 1 7
2 . 2 0 0 4545 0 . 0 3 9 0 . 0 4 4 0 . 0 8 6 0 . 0 0 0
2 . 2 2 5 4494 0 . 0 2 7 0 . 0 3 7 0 . 080 0 .  003
2 . 2 5 0 4444 0 . 0 4 3 0 . 0 3 4 0 . 0 8 3 0 . 0 3 0
2 . 2 7 5 4396 0 . 0 3 4 0 . 0 3 4 0 . 088 0 . 0 0 6
2 . 3 0 0 4348 0 . 0 4 1 0 . 0 4 2 0 . 0 8 9 0 . 0 3 7
2 . 3 2 5 4301 0 . 0 3 5 0 . 0 6 7 0 . 1 1 ? 0 . 0 2 9
2 . 3 5 0 4255 0 . 0 6 5 0 . 0 5 3 0 . 1 0 9 0 . 0 4 3
2 . 3 7 5 4211 0 . 0 3 9 0 . 0 5 8 0 . 1 0 9 0 . 0 7 4
2 . 4 0 0 4167 0 . 0 5 6 0 . 0 6 2 0 . 1 3 7 0 . 0 9 6
2 . 4 2 5 4124 0 . 066 0 . 0 6 6 0 . 1 7 9 0 . 1 7 3
2 . 4 5 0 4082 0 . 0 8 5 0 . 1 6 6 0 . 3 2 9 0 . 4 2 3
2 . 4 7 5 4040 0 . 1 4 7 0 . 2 5 2 0 .  564 0 .  669
2 . 5 0 0 4000 0 . 2 2 2 0 . 6 2 8 0.7.65 0 . 8 8 9
2 . 5 2 5 3960 0 . 3 2 2 0 . 5 7 1 0 . 9 2 2 0 . 9 7 8
2 . 5 5 0 3922 0 . 3 7 0 0 . 6 5 7 0 . 9 8 3 0 . 9 9 8
2 . 5 7 5 3883 0 . 3 6 4 0 . 6 7 7 0 . 9 9 6 0 . 9 9 8
2 . 6 0 0 3846 0 . 2 8 5 0 . 5 7 1 0 . 9 4 4 • 0 . 9 9 2
2 . 6 2 5 3810 0 . 0 0 0 0 . 5 1 5 0 . 8 8 6 0 . 9 8 8
2 . 6 5 0 3774 0 . 3 2 2 0 . 6 2 7 0 . 9 6 3 0 . 9 9 1
2 . 6 7 5 3738 0 . 3 9 8 0 . 7 1 9 0 . 9 9 1 0 . 9 9 8
2 . 7 0 0 3704 0 . 3 4 2 0 . 6 5 6 0 . 9 8 3 0 . 9 9 8
2 . 7 2 5 3670 0 . 3 1 0 0 . 6 2 0 0 . 9 8 3 0 . 9 9 0
2 . 7 5 0 3636 0 . 3 7 0 0 . 6 5 8 0 . 9 8 7 0 . 9 9 8
2 . 7 7 5 3604 0 . 3 5 1 0 . 6 6 5 0 . 9 9 1 0 . 9 9 8
2 . 8 0 0 3571 0 . 3 3 8 0 . 5 9 0 0 . 9 8 7 0 . 9 9 8
2 . 8 2 5 3540 0 . 3 0 4 0 . 5 6 5 0 . 9 5 8 0 . 9 9 8
2 . 8 5 0 3509 0 . 2 6 3 0 . 6 9 5 0 . 9 0 0 0 . 9 9 1
2 . 8 7 5 3478 0 . 2 2 3 0 . 6 1 6 0 . 8 1 6 0 . 9 5 5
2 . 9 0 0 3448 0 . 1 9 5 0 . 3 2 0 0 . 7 0 3 0 . 8 6 4
2 . 9 2 5 3419 0 . 1 4 9 0 . 2 3 2 0.  595 0 . 7 6 0
2 . 9  50 3390 0 . 1 1 0 0 . 2 1 0 0 .  499 0 . 6 7 3
2 . 9 7 5 3361 0 . 1  07 0 . 1 7 0 0 . 4 1 3 0 . 5 5 0
3 . 0 0 0 3333 0 . 0 7 4 0 . 1 6 5 0 . 3 7 7 0 . 4 3 8
3 . 0 2 5 3306 0 . 1 0 7 0 . 1 6 2 0 . 3 2 4 0 . 3 3 0
3 . 0 5 0 3279 0 . 0 9 3 0 . 1 1 5 0 . 2 6 2 0 . 2 8 1
3 . 0 7 5 325 2 0 . 0 8 6 0 . 1 0 9 0 . 2 5 7 0 . 265 -
3 . 1 0 0 3226 0 . 0 8 2 0 . 1 2 3 0 . 2 2 3 0 . 1 6 8
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3 . 1 2 5  / 3 20 0 0 . 0 6 8
3 . 1 5 0  / 3175 0 . 0 7 8
3 . 1 7 5  / 31 50 0 . 0 7 0
3 . 2 0 0  / 3125 0 . 0 8 0
3 . 225 / 3101 0 . 0 5 2
3 . 2 5 0  / 3077 0 . 0 8 5
3 . 2 7 5  / 3053 0 . 064
3 . 3 0 0  / 3030 0 . 0 3 6
3 . 3 2 5  / 3008 0 . 0 6 ?
3 . 3 5 0  / 2 985 0 . 0 5 5
3 . 3 7 5  / 2963 0 . 0 6 6
3 . 4 0 0  / 2941 0 . 0 5 ?
3 . 4 2 5  / 29 20 0 . 0 4 ?
3 . 4 5 0  / 2899 0 . 0 4 3
3 . 4 7 5  / 2878 0 . 0 5 1
3 . 5 0 0  / 2857 0 . 0 1 5
3 . 5 2 5  / 2837 0 . 0 4 1
3 . 5 5 0  / 2817 0 . 1 0 4
3 . 5 7 5  / 2797 0 . 0 5 3
3 . 6 0 0  / 2778 0 . 0 3 2
3 , 6 2 5  / 2759 0 . 0 8 7
3 . 6 5 0  / 2740 0 . 1  06
3 . 6 7 5  / 2721 0 . 0 0 2
3 . 7 0 0  / 2703 0 . 0 9 9
3 . 7 2 5  / 2685 0 . 0 7 7
3 . 7 5 0  / 2667 0 . 0 7 4
3 . 7 7 5  > / 2649 0 . 0 1 4
3 . 8 0 0  / 2632 0 . 0 9 3
3 . 8 2 5  / 2614 0 . 0 6 5
3 . 8 5 0  / 2597 0 . 0 1 7
3 . 8 7 5  / 2581 0.  003
3 . 9 0 0  / 2564 0 , 1 0 4
3 . 9 2 5  / 2548 0 . 0 2 0
3 . 9 5 0  / 2532 0 . 0 8 5
3 . 9 7 5  / 2516 0 . 0 7 3
4 . 0 0 0  / 2500 0 . 1 3 4
. 0 9 3  0 . 1 9 0  0 . 1 4 1
. 0 8 4  0 . 1 4 7  0 . 1 3 ?
. 1 0 /  0 . 1 9 4  0 . 1 1 8
. 071 0 . 1 9 8  0 . 1 3 1
. 0 8 8  0 . 1 4 8  0 . 1 0 8
. 0 9 7  0 . 1 8 6  0 . 0 7 6
. 0 8 4  0 . 1 9 6  0 . 1 4 4
. 1 1 ?  0 . 1 7 3  0 . 1 3 5
. 0 6 0  0 . 2 1 1  0 . 1 6 6
. 1 0 7  0 . 1 1 7  0 . 0 8 4
. 0 7 8  0 . 1 6 6  0 . 0 0 0
. 0 8 4  0 . 1 5 4  0 . 0 0 0
. 0 8 7  0 . 1 5 ?  0 . 0 0 0
. 0 4 3  0 . 1 4 8  0 . 0 0 0
. 0 8 6  0 . 0 7 4  0 . 0 0 0
. 0 6 0  0 . 1 3 8  0 . 0 0 0
. 0 5 5  0 . 0 6 4  0 . 0 0 0
. 0 1 8  0 . 1 3 7  0 . 0 0 0
. 0 6 8  0 . 1 3 9  0 . 0 0 0
. 0 3 7  0 . 0 6 1  0 . 0 0 0
. 0 8 2  0 . 1 2 4  0 . 0 0 0
. 0 4 0  0 . 0 9 1  0 . 0 0 0
. 1 1 9  0 . 1 8 6  0 . 0 0 0
. 0 6 7  0 . 0 4 5  0 . 0 0 0
. 0 5 7  0 . 1 1 9  0 . 0 0 0
. 0 8 7  0 . 0 7 0  0 . 0 0 0
. 0 7 5  0 . 0 5 7  0 . 0 0 0
. 0 9 7  0 . 1 7 8  0 . 0 0 0
. 0 5 8  0 . 0 8 4  0 . 0 0 0
. 0 0 4  0 . 0 1 0  0 . 0 0 0
. 1 9 8  0 . 1 1 6  0 . 0 0 0
. 0 8 9  0 . 1 0 1  0 . 0 0 0
. 0 4 2  0 . 1 0 3  0 . 0 0 0
. 0 2 4  0 . 1 5 3  0 . 0 0 0
.000 0 .000  0.000
. 0 4 8  0 . 0 6 8  0 . 0 0 0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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RUN NUNRFR 629 630 631 632 631
GAS H ? 0 / N 2 H20/N2 H20/N2 H20/N2 H 2 0 / N 2
TF MP F RAT URF ( K ) 900 ‘ 900 900 900 900
T O T . P R F  SS  . ( ATM) 3 . 4 4 . 9 8 . 1 4 . 7 7 . 3
COMPOSN( H 2 0 ) 1 . 0 0 0 0 . 6 9 3 0 . 4 2 ? 1 . 0 0 0 1 . 0 0 0
PATH L F N G T H ( C M ) 9 . 3 ? 9 . 3 ? 9 . 3 ? 9 . 3 ? 9 . 3?
WAVF (MI J ) WAVF ( CM- 1 )
LENGTH NUMBER ■
1 . 7 2 5  / 5797 0 . 0 1 2 0 . 0 5 8 0 . 0 8 0 0 . 0 3 8 0 . 0 4 7
1 . 7 5 0  / 5714 0 . 1 0 1 0 . 1 5 0 0 . 1 6 1 0 . 1 3 7 0 . 1 4 8
1 . 7 7 5  / 5634 0 . 2 0 8 0 . 2 9 5 0 . 3 9 1 0 . 2 5 8 0 . 3 2 7
1 . 8 0 0  / 5556 0 . 2 9 7 0 . 3 8 9 0 . 4 9 9 0 . 3 8 5 0 . 4 6 °
1 . 8 2 5  / 5479 0 . 3 5 6 0 . 4 5 6 0 . 5 9 0 0 . 4 3 5 0 . 5 4  7
1 . 8 5 0  / 5405 0 . 3 4 0 0 . 4 5 2 0 .  599 0 . 4 2 8 0 . 5 5 4
1 . 8 7 5  / 5 3 33 0 . 2 9 7 0 . 3 9 9 0 . 5 5 5 0 . 3 7 ? 0 . 5 0 3
1 . 9 0 0  / 5263 0 . 3 1 0 0 . 4 0 7 0 . 5 6 4 0 . 3 9 8 0 . 5 2 1
1 . 9 2 5  / 5195 0 . 3 0 8 0 . 4 1 9 0 .  529 0 . 3 8 7 0 . 5 0 1
1 . 9 5 0  / 5128 0 . 2 4 3 0 . 3 4 9 0 . 4 8 9 0 . 3 2 1 0 . 4 5 6
1 . 9 7 5  / 5063 0 . 1 6 5 0 . 2 3 8 0 . 3 8 4 0 . 2 0 4 0 . 3 2 3
2 . 0 0 0  / 5000 0.  079 0 . 1 6 1 0 .  244 0 . 1 1 7 0 . 2 0 6
2 . 0 2 5  / 4938 0 . 0 4 0 0 . 0 8 9 0 . 1 3 5 0 . 0 6 9 0 . 1 1 3
2 . 0 5 0  / •4878 0 . 0 2 9 0 . 0 6 2 0 . 0 6 1 0 . 0 2 8 0 . 086
2 . 0 7 5  / 4819 0 . 0 4 3 0 . 0 7 9 0 . 0 5 8 0 . 0 3 8 0 . 0 2 4
2 . 1 0 0  / 4762 0 . 0 3 9 0 . 0 6 1 0 . 0 5 5 0 . 0 3 6 0.  0 30
2 . 1 2 5  / 4706 0 . 0 2 ? 0 . 0 5 1 0.  073 0 . 0 2 6 0 . 0 4 8
2 . 1 5 0  / 4651 0 . 0 2 1 0 . 0 5 4 0 . 0 8 ? 0 . 0 1 5 0 . 0 3 7
2 . 1 7 5  / 4598 0 . 0 4 5 0 . 0 6 3 0 . 0 5 5 0 . 0 0 9 0 . 0 6 6
2 . 2 0 0  / 4545 0 . 0 3 4 0 . 0 5 9 0 . 0 6 8 0 . 0 2 5 0 . 0 3 0
2 . 2 2 5  / 4 49 4 0.  040 0 . 0 7 5 0 . 0 7 0 0 . 0 3 0 0 . 0 4 3
2 . 2 5 0  / 4444 0 . 0 5 0 0 . 0 7 3 0 . 0 7 3 0 . 0 3 0 0 . 0 5 6
2 . 2 7 5  / 4396 0 . 0 5 1 0 . 0 8 5 0 . 0 6 7 0 . 0 5 2 0 . 0 7 ?
2 . 3 0 0  / 4348 0 . 0 5 5 0 . 0 8 9 0 . 0 6 ? 0 . 0 5 5 0 . 0 9 5
2 . 3 2 5  / 4301 0 . 0 5 9 0 . 1 0 8 0 . 0 9 7 0 . 0 6 8 0 . 0 9 6
2 . 3 5 0  / 4255 0 . 0 7 2  , 0 . 1 1 0 0 . 1 0 6 0 . 0 6 6 0 . 0 8 1
2 . 3 7 5  / 4211 0 . 0 9 7 0 . 1 3 4 0 . 1 5 7 0 . 1 0 1 0 . 1 2 9
2 . 4 0 0  / 4167 0 . 1 0 1 0 . 1 7 1 0 . 1 9 8 0 . 1 2 2 0 . 1 9 3
2 . 4 2 5  / 4124 0 . 1 8 4 0 . 2 6 5 0 . 2 9 8 0 . 2 2 1 0 . 2 7 1
2 . 4 5 0  / 4 0 8 ? 0 . 3 4 6 0 . 4 6 0 0 . 5 4 4 0 . 4 1 0 0 . 4 9 9
2 . 4 7 5  / 4040 0 . 5 5 3 0 . 6 7 9 0 .  7 7 ? 0 . 6 4 4 0 . 7 5 7
2 . 5 0 0  / 4000 0 . 7 6 0 0 . 8 6 5 0 . 9 2 2 0 . 8 4 6 0 . 9 0 9
2 . 5 2 5  / 3960 0 . 8 7 3 0 . 9 6 5 0 . 9 8 2 0 . 9 4 9 0 . 9 8 4
2 . 5 5 0  / 3922 0 . 9 3 8 0 . 9 9 3 0 . 9 8 6 0 . 9 8 1 0 . 9 9 8
2 . 5 7 5  / 3883 0 , 9 1 0 0 . 9 8 9 0 . 9 9 2 0 . 9 9 1 0 . 9 9 8
2 . 6 0 0  / 3846 0 . 8 2 2 0 . 9 3 1 0 . 9 7 2 0 . 9 2 3 0 . 9 8 ?
2 . 6 2 5  / 3810 0 . 7 2 8 0 . 7 2 9 0 . 9 8 4 0 . 8 5 7 0 . 9 7 0
2 . 6 5 0  / 3774 0 . 8 5 4 0 . 9 4 9 0 . 9 8 4 0 . 9 4 0 0 . 9 8 8
2 . 6 7 5  / 3738 0 . 9 5 3 0 . 9 9 5 0 . 9 9 1 0 . 9 9 3 0 . 9 9 7
2 . 7 0 0  / 3704 0 . 9 2 5 0 . 9 8 7 0 . 9 8 ? 0 . 9 8 9 0 . 9 8 6
2 . 7 2 5  / 3670 0 . 9 1 7 0 . 9 7 8 0 . 9 9 1 0 . 9 8 0 0 . 9 8 7
2 . 7 5 0  / 3636 0 . 9 3 2 0 . 9 9 9 0 . 9 8 2 0 . 9 8 0 0 . 9 9 7
2 . 7 7 5  / 3604 0 . 9 3 ? 0 . 9 9 9 0 . 9 9 1 0 . 9 8 9 0 . 9 9 7
2 . 8 0 0  / 3571 0 . 9 2 3 0 . 9 8 7 0 . 9 9 1 0 . 9 8 5 0 . 9 8 6
2 . 8 2 5  / 3540 0 . 8 8 4 0 . 9 7 9 0 . 9 9 ? 0 . 9 7 3 0 . 9 8 7
2 . 8 5 0  / 3509 0 . 8 5 ? 0 . 9 4 6 0 . 9 9 2 0 . 9 3 ? 0 . 9 8 8
2 . 8 7 5  / 3478 0 . 8 0 0 0 . 9 1 3 0 . 9 6 8 0 . 9 1 5 0 . 9 8 0
2 . 9 0 0  / 3448 0 . 7 0 9 0 . 8 3 8 0 . 9 3 6 0 . 8 2 0 0 . 9 5 4
2 . 9 2 5  / 3419 0 . 6 2 7 0 . 7 7 4 0 . 9 2 7 0 . 7 4 7 0 . 8 6 7
2 . 9 5 0  / 339 0 0 . 5 6 2 0 . 7 0 2 0 . 8 6 6 0 . 6 8 7 0 . 8 1 4
2 . 9 7 5  / 3361 0 . 4 7 6 0 . 6 0 2 0 . 7 5 1 0 . 5 7 3 0 . 7 5 4
3 . 0 0 0  / 3333 0 . 3 9 0 0 . 5 2 2 0 . 6 9 9 0 . 5 1 1 0 . 6 5 5
3 . 0 2 5  / 3306 0 . 3 3 5 0 . 4 3 6 0 . 5 9 0 0 . 4 0 1 0 . 5 4 3
3 . 0 5 0  / 3279 0 . 2 8 1 0 . 3 8 7 0 . 5 1 ? 0 . 3 4 0 0 . 4 8 ?
3 . 0 7 5  / 3252 0 . 2 4 1 0 . 3 5 2 0 . 4 3 7 0 . 2 9 9 0 . 4 1 1
3 . 1 0 0  / 3226 0  _ ? ? ? ft f t  7 0 7 A  ' ’W O A  « * • » * *
3 . 1 2 5 / 3200 0 . 1 9 4 0 .
3 . 1 5 0 / 3175 0 . 1  59 0 .
3 . 1 7 5 / 3150 0 . 2 2 1 0 .
3 . 2 0 0 / 3125 0 . 2 2 2 0 .
3 . 2 2 5 / 3101 0 . 2 0 6 0 .
3 . 25 0 / 3077 0 . 1 7 8 0 .
3 . 2 7 5 / 3053 0 . 1 8 5 0 .
3 . 3 0 0 / 3030 0 . 1 5 5 0 .
3 . 32 5 / 3008 0 . 1 9 1 0 .
3 . 3 5 0 / 2985 0 . 1 7 4 0 .
3 . 375 / 2963 0 . 1 6 9 0 .
3 . 400 / 2941 0 . 1 5 6 0 .
3 . 4 2 5 / 2920 0 . 1 3 4 0 .
3 . 4 5 0 / 2899 0 . 1 4 8 0 .
3.  475 / 2878 0 . 1 1 9 0 .
3 . 5 0 0 / 2857 0 . 1 1 0 0 .
3 . 5 2 5 ,/ 2837 0 . 1 5 3 0 .
3 . 5 5 0 / 2817 0 . 0 7 9 0 .
3 . 5 7 5 / 2797 0 . 1 4 6 0 .
3 . 6 0 0 / 2778 0 . 1 2 9 0 .
3 . 6 2 5 / 2759 0 . 0 9 9 0 .
3 . 6 5 0 /,  2740 0 . 1 1 4 0 .
3 . 6 7 5 / 2721 0 . 1 3 7 0 .
3 . 7 0 0 / 2703 0 . 0 9 3 0 .
3 . 7 2 5 / 2685 0 . 1 2 0 0 .
3 . 7 5 0 / 2667 0 . 1 4 3 0 .
3 . 7 7 5 / 2649 0 . 0 8 6 0 .
3 . 8 0 0 / 2632 0 . 1 1 7 0 .
3 . 8 2 5 / 2614 0 . 1 0 9 0 .
3 . 8 5 0 / 2597 0 . 1 1 9 0 .
3 . 8 7 5 / 2581 0 . 0 7 5 0 .
3 . 9 0 0 / 2564 0 . 1 0 6 0 .
3 . 9 2 5 / 2548 0 . 0 8 7 0 .
3 . 9 5 0 / 2532 0 . 0 7 0 0 .
3 . 9 7 5 / 2516 0 . 0 7 3 0 .
4 .  000 / 2500 0 . 0 0 0 0 .
0 . 3 5 8 0 . 2 0 6 0.  34 4
0.  383 0 . 2 1 3 0 . 308
0 . 3 8 8 0 . 2 1 5 0  . 291
0 . 3 4 1 0 . 2 1 0 0 . 2 6 5
0.  301 0 . 2 2 9 0 . 2 2 3
0.  358 0 . 1 8 1 0 . 2 5 5
0.  338 0 . 1 8 8 0 . 2 9 5
0 . 3 4 2 0 . 2 2 1 0 . 278
0 . 3 0 4 0 . 2 0 0 0 . 3 2 8
0.  338 0 . 2 3 6 0 . 328
0 . 2 0 0 0 . 2 0 9 0 . 2 9 ?
0 . 2 3 6 0 . 1 7 8 0 . 1 9 4
0 . 1 7 9 0 . 1 4 4 0 . 2 1 1
0 . 1 7 1 0 . 1 0 9 0 . 199
0 . 2 1 0 0 . 1 0 6 0 . 1 3  0
0 . 2 1 9 0 . 1 1 8 0 . 2 0 5
0 . 1 1 6 0 . 1 2 8 0 . 2 1 ?
0 . 1 5 5 0 . 1 0 1 0.  087
0 . 1 9 5 0 . 1 1 4 0.  232
0 . 1 1 1 0 . 1 1 3 0 . 1 3 4
0 . 1 3 6 0 . 0 5 8 0 . 1 1 9
0 . 1 3 4 0 . 0 2 3 0 . 0 4 3
0 . 2 1 5 0 . 0 2 4 0 . 1 4 ?
0 . 2 3 1 0 . 1 1 9 0 . 1 3 1
0 . 1 80 0 . 0 0 0 0 . 1 1 0
0 . 1 5 8 0 . 0 2 8 0 . 0 0 0
0.  368 0 . 0 0 0 0 . 0 3 0
0 . 1 1 6 0 . 1 8 7 0 . 0 3 3
0 . 2 3 4 0 . 0 0 0 0 . 0 4 0
0 . 1 7 1 0 . 0 6 3 0 . 1 5 ?
0 . 1 4 3 0 . 0 0 0 0 . 1 2 4
0 . 1 3 5 0 . 0 6 8 0 . 2 3 5
0 . 0 4 0 0 . 0 0 0 0 . 2 8 ?
0 .  419 0 . 0 5 4 0 . 4 6 8
0 . 1 8 5 0 . 0 9 0 0 . 49 3
0 . 3 6 0 0 . 0 6 1 0 . ? 2 6
242
272
290
276
251
249
226
280
269
270
281
229
148
191
192
168
198
158
172
118
161
145
157
221
211
21 2
199
248
191
190
007
130
094
000
000
009
276
GAS H 2 0 / C 0 ?
r t M P F R M  URF <K) 500
T O T . P P F S S . ( ATM )  ? . 1
C OMP OS N ( H 2 0 ) 1 . 0 0 0
C O M P O S N ( C 0 2 )  0 . 0 0 0
PATH L F N G T H ( C M )  9 . 3 ?
W A V F ( M U )  W A V F ( C M - 1 ) 
LFNGTH NUMBER
1 . 7 2 5  / 5 7 9 ?  0 . 0 0 0
1 . 7 5 0  / 5714 0 . 0 0 0
1 . 7 7 5  / 5634  0 . 0 2 3
1 . 8 0  0 / 5556 0.08.3
1 . 8 2 5  / 5479 0 . 1 3 7
1 . 8 5 0  / 5405 0 . 1 5 6
1 . 8 7 5  / 5333 0 . 1 2 3
1 . 9 0 0  / 5263 0 . 1 1 3
1 . 9 2 5  / 5195 0 . 0 8 3
1 . 9 5 0  / 5128 0 . 0 4 ?
1 . 9 7 5  / 5063 0 . 0 1 0
2 . 0 0 0  / 5000 0 . 0 0 0
2 . 0 2 5  / 4938  0 . 0 0 0
2 . 0 5 0  / 4878  0 . 0 0 0
2 . 0 7 5  / 4819 0 . 0 0 0
2 . 1 0 0  / 4762 0 . 0 0 0
2 . 1 2 5  / 4706 0 . 0 0 0
2 . 1 5 0  / 4651 0 . 0 0 0
2 . 1 7 5  / 4598  0 . 0 0 0
2 . 2 0 0  / 4545 0 . 0 0 0
2 . 2 2 5  / 4494  0 . 0 0 0
2 . 2 5 0  / 4444 0 . 0 0 0
2 . 2 7 5  / 4396 0 . 0 0 0
2 . 3 0 0  / 4348  0 . 0 0 0
2 . 3 2 5  / 4301 0 . 0 0 0
2 . 3 5 0  / 4255 0 . 0 0 0
2 . 3 7 5  / 4211 0 . 0 0 0
2 . 4 0 0  / 41 67  0 . 0 0 0
2 . 4 2 5  / 4124 0 . 0 0 0
2 . 4 5 0  / 4082  0 . 0 0 7
2 . 4 7 5  / 4040 0 . 0 5 3
2 . 5 0 0  / 4000  0 . 1 9 0
2 . 5 2 5  / 3960  0 . 3 6 4
2 . 5 5 0  / 3922 0 . 5 0 9
2 . 5 7 5  / 3883  0 . 5 9 8
2 . 6 0 0  / 38 46  0 . 5 4 0
2 . 6 2 5  / 3810  0 . 3 9 4
2 . 6 5 0  / 3774 0 . 5 7 2
2 . 6 7 5  / 37 38  0 . 6 3 8
2 . 7 0 0  / 3704  0 . 5 5 1
2 . 7 2 5  / 3670  0 . 5 4 9
2 . 7 5 0  / 3636  0 . 5 8 5
2 . 7 7 5  / 3604  0 . 5 3 6
2 . 8 0 0  / 3571 0 . 4 4 1
2 . 8 2 5  / 3540  0 . 3 6 9
2 . 8 5 0  / 3509 0 . 2 7 7
2 . 8 7 5  / 3478  0 . 1 8 8
2 . 9 0 0  / 3448  0 . 1 3 7
2 . 9 2 5  / 3419 0 . 1 0 7
2 . 9 5 0  / 3390 0 . 0 6 2
2 . 9 7 5  / 3361 0 . 0 7 6
3 . 0 0 0  / 3333  0 . 0 7 1
3 . 0 2 5  / 3306  0 . 0 7 1
3 . 0 5 0  / 3279 0 . 0 8 3
3 . 0 7 5  / 3252 0 . 0 6 5
3 . 1 0 0  / 32 26  0 . 0  £9
PUN NUMBf - P 5 7 9 5 80 S 81 5 8 ?
H 2 0 / C 0 2 H 2 0 / CO? H 2 0 / C 0 2
5 0 0 500 5 0 0
2 . 9 4 . 1 6 . 4
0 . 7 2 6 0 . 5 1 8 0 . 3 3 3
0 . 2 7 4 0 . 4 8 2 0 . 6 6 7
9 . 32 9 . 3 ? 9 . 3 2
0 . 0 0 0 0 0 0 0 0 . 0 0 0
0 . 0 0 0 0 0 1 6 0 . 0 4 4
0 . 0 3 5 0 1 5 5 0 . 2 2 1
0 . 1 1 3 0 331 0 . 4 5 4
0 . 1 6 8 0 4 6 0 0 . 6 3 7
0 . 1 7 9 0 4 6 8 0 . 6 7 9
0 . 1 6 4 0 431 0 . 6 4 1
0 . 1 4 3 0 414 0 . 6 2 5
0 . 1 1 9 0 3 4 0 0 . 5 3 4
0 . 0 4 9 0 1 8 5 0 . 3 1 3
0 . 0 0 5 0 0 7 7 0 . 1 4 5
0 . 0 0 0 0 0 1 0 0 . 0 2 7
0 . 0 0 0 0 0 0 0 0 .  0 0 0
0 . 0 0 0 0 0 0 0 0 . 0 0 0
0 . 0 0 0 0 ooo 0 . 0 0 0
0 . 0 0 0 0 0 0 0 0 . 0 2 5
0 . 0 0 0 0 0 0 0 0 . 0 0 3
0 . 0 0 0 0 0 0 0 0 .  0 0 0
0 . 0 0 0 0 0 0 0 0 . 0 0 0
0 . 0 0 0 0 0 0 0 0 . 0 0 0
0 . 0 0 0 0 0 0 0 0 . 0 0 3
0 . 0 0 0 0 0 0 0 0 . 0 0 0
0 . 0 0 0 0 0 0 0 0 . 0 0 0
0 . 0 0 0 0 0 0 0 0 . 0 0 9
0 . 0 0 0 0 002 0 . 0 1 2
0 . 0 0 4 0 009 0 . 0 1 7
0 . 0 0 0 0 0 0 0 0 . 0 0 7
0 . 0 0 2 0 0 1 8 0 . 0 4 9
0 . 0 1 0 0 0 3 4 0 . 0 9 8
0 . 0 4 9 0 1 1 7 0 . 2 1 8
0 . 1 3 1 0 3 0 3 0 . 4 1 6
0 . 3 0 1 0 5 7 4 0 . 7 2 2
0 . 5 3 5 0 821 0 . 9 5 0
0 . 7 2 1 0 9 5 8 0 . 9 9 4
0 . 8 0 8 0 9 9 2 0 . 9 9 9
0 . 7 5 8 0 9 7 9 0 . 9 9 9
0 . 6 7 6 0 9 3 9 0 . 9 9 9
0 . 7 7 6 0 9 6 7 0 . 9 9 6
0 . 8 4 7 0 9 9 4 1 . 0 0 0
0 . 7 9 2 0 9 8 4 1 . 0 0 0
0 . 7 7 4 0 9 8 2 1 . 0 0 0
0 . 8 2 1 0 9 8 9 1 . 0 0 0
0 . 7 6 6 0 9 7 3  - 0 . 9 9 6
0 . 6 6 8 0 9 4 2 0 . 9 9 9
0 . 5 8 9 0 8 6 0 " 0 . 9 8 5
0 . 4 6 4 0 74 0 0 . 9 2 6
0 . 3 5 6 0 60 9 0 . 8 3 3
0 . 2 6 4 0 4 7 3 0 . 6 7 0
0 . 1 9 5 0 35 4 0 . 5 4 1
0 . 1 6 2 0 27 3 0 . 4 5 4
0 . 1 3 4 0 2 2 6 0 . 3 4 6
0 . 1 4 7 0 181 0 . 3 0 5
0 . 1 1 9 0 17 6 0 .  3 0 6
0 . 1 0 9 0 1 52 0 . 2 7 0
0 . 0 8 0 0 1 4 0 0 . 2 1 4
ft 0 7 k ft n o i • A  1 9 7
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3 . 1 2 5 3 2 0 0 0 . 0 5 9 0 . 0 7 4 0 09 4 0 . 1 5 1
3 . 1 5 0 3 1 7 5 0 . 0 4 1 0 . 0 9 4 0 0 6 8 0 . 1 4 2
3 . 1 7 5 31 50 0 . 0 6 6 0 .  0 9 0 0 08 8 0 . 1 7 0
3 .  200 3 1 2 5 0<205? 0 . 0 9 0 0 146 0 . 2 1 0
3 . 2 2 5 3101 0 . 0 8 3 0 . 0 7 1 0 1 1 1 0 . 1 9 6
3 . 2 5 0 3 0 7 7 0 . 0 6 9 0 . 0 5 2 0 12 0 0 . 1 6 5
3 . 275 3 0 5 3 0 . 0 4 3 0 . 0 7 1 0 105 0 . 1 4 5
3 . 300 3 0 3 0 0 . 0 5 5 0 . 0 6 0 0 09 4 0 . 1 7 6
3 . 3 2 5 3 0 0 8 0 . 0 7 5 0 . 1 0 6 0 101 0 . 1 8 0
3 . 3 5 0 2 9 8 5 0 . 0 6 2 0 . 0 6 3 0 0 76 0 . 1 6 1
3 . 3 7 5 2 9 6 3 0 . 0 3 4 0 . 0 3 9 0 1 01 0 . 1 1 3
3 . 4 0 0 29 41 0 . 0 1 4 0 . 0 1 3 0 00 3 0 . 0 7 5
3 . 4 2 5 2 9 2 0 0 . 0 3 6 0 . 0 4 6 0 0 4 7 0 .  0 7 8
3 . 4 5 0 2 8 9 9 0 . 0 3 1 0 . 0 4 2 0 010 0 . 1 4 9
3 . 4 7 5 2 8 7 8 0 .  0 6 ? 0 . 0 6 1 0 0 0 0 0 . 0 2 9
3 . 5 0 0 2 8 5 7 0 . 0 2 1 0 . 0 7 6 0 0 1 7 0 . 0 4 8
3 . 5 2 5 2 8 3 7 0 . 0 1 6 0 . 0 6 0 0 0 5 2 0 . 0 7 0
3 . 5 5 0 2 8 1 7 0 . 0 1 0 0 . 0 5 5 0 0 0 4 0 . 0 0 0
3 . 5 7 5 2 7 9 7 0 . 0 4 4 0 . 0 6 2 0 0 0 4 0 .  0 6 6
3 . 6 0 0 2 7 7 8 0 . 0 8 7 0 . 0 3 1 0 0 1 2 0 . 0 2 3
3 . 6 2 5 2 7 5 9 0 . 0 9 0 0 . 0 3 2 0 004 0 . 0 3 7
3 . 6 5 0 2 7 4 0 0 . 0 7 3 0 .  080 0 0 2 2 0 . 0 3 8
3 . 6 7 5 27 2 1 0 . 0 2 0 0 . 0 8 5 0 0 7 6 0 . 0 5 3
3 . 7 0 0 2 7 0 3 0 . 0 3 8 0 .  0 5 6 0 0 3 4 0 . 0 1 5
3 . 7 2 5 2 6 8 5 0 . 0 5 1 0 . 0 4 0 0 005 0 . 0 0 0
3 . 7 5 0 2 6 6 7 0 . 0 7 ? 0 .  0 2 3 0 0 0 6 0 . 1 4 4
3 . 7 7 5 2 6 4 9 0 . 0 4 7 0 . 0 6 9 0 0 0 6 0 . 1 0 1
3 . 8 0 0 2 6 3 2 0 . 0 5 8 0 . 0 2 5 0 069 0 . 1 2 9
3 . 8 2 5 2 6 1 4 0 . 0 3 0 0 . 0 0 0 0 0 2 0 0 . 0 6 2
3 . 8 5 0 2 5 9 7 0 . 0 7 8 0 . 0 7 7 0 021 0 . 0 4 6
3 . 8 7 5 2581 0 . 0 0 0 0 . 0 7 1 0 0 0 0 0 . 1 1 9
3 . 9 0 0 2 5 6 4 0 . 1 3 4 0 . 0 0 0 0 069 0 . 0 5 1
3 . 9 2 5 2 5 4 8 0 . 0 8 8 0 . 1 0 3 0 0 7 3 0 . 0 9 7
3 . 9 5 0 2 5 3 2 0 . 0 8 1 0 . 0 8 0 0 074 0 . 1 5 3
3 . 9 7 5 2 5 1 6 0 . 0 5 7 0 . 0 2 1 0 045 0 . 1 1 0
4 . 0 0 0 2 5 0 0 0 . 1 2 4 0 . 0 4 1 0 0 8 7 0 . 0 0 0
RUN NLJMBFR 5 8 3 5 84 S 8 S 5 86
GAS H ? n / c o ? H 2 0 / C 0 2 H 2 0 / C O ? H 2 0 / C 0 2
T f M P F R A U R F ( V ) 7 0 0 7 0 0 7 0 0 7 0 0
T 0 T . P R F S . < A T M ) 2 . 1 2 . 8 4 . 1 6 . 4
r  0 M p 0 S N H 2 0 )  1 . 0 0 0 0 . 7 3 3 0 . 5 0 0 0 . 3 1 9
C OMPOS N C O ? )  o . o o o 0 . 2 6 7 0 . 5 0 0 0 . 6 8 1
P A T H  L F N G T H ( C M )  9 . 3 ? Q . 3 2 9 . 3? 9 . 3 ?
WAVF (Mi l W A V F ( C M - 1  )
L E N G T H NUMBFR
1 . 7 2 ‘5 5 7 9 7  0 . 0 2 4 0 . 0 0 0 0 0 2 5 0 . 1 0 7
1 . 7 5 0 5 7 1 4  0 . 0 3 6 0 . 0 2 1 0 0 5 4 0 . 1 4 5
1 . 7 7 5 5 6 3 4  0 . 0 3 8 0 . 05 0 0 1 4 5 0 .  2 9 3
1 . 8 0 0 5 5 5 6  0 . 0 6 8 0 . 0 9 4 0 2 4 3 0 . 4 5 7
1 . 8 2 5 5 4 7 9  0 . 0 7 4 0 . 1 1 6 0 3 0 1 0 .  5 7 2
1 . 8 5 0 5 4 0 5  0 . 0 7 3 0 . 1 1 8 0 29 6 0 .  5 6 6
1 . 8 7 5 5 3 3 3  0 . 0 6 9 0 . 1 0 4 0 2 5 7 0 . 5 2 6
1 . Q 00 5 2 6 3  0 . 0 5 9 0 . 1 0 2 0 2 49 0 . 4 9  5
1 . 9 2 5 5 1 9 5  0 . 0 5 6 0 . 0 9 4 0 2 4 0 0 .  4 9 7
1 . 9 5 0 5 1 2 8  0 . 0 4 5 0 . 0 6 2 0 1 6 0 0 . 3 6 9
1 . 9 7 5 5 0 6 3  0 . 0 2 0 0 . 0 1 7 0 09 0 0 . 2 1 7
2 . 0 0 0 5 0 0 0  0 . 0 1 0 0 . 0 0 0 0 0 2 7 0 . 1 1 2
2 . 0 2 5 4 9 3 8  0 . 0 1 3 0 . 0 0 0 0 0 0 0 0 . 0 5 4
2 . 0 5 0 4 8 7 8  0 . 0 0 6 0 . 0 0 0 0 0 0 0 0 . 0 2 8
2 . 0 7 5 4 8 1 9  0 . 0 0 9 0 . 0 0 0 0 0 0 0 0 .  0 29
2 . 1 0 0 4 7 6 2  0 . 0 0 0 0 . 0 0 0 0 0 0 0 0 . 0 4 3
2 . 1 2 5 4 7 0 6  0 . 0 0 0 0 . 0 0 0 0 0 0 0 0 . 0 0 8
2 . 1 5 0 4 6 5 1  0 . 0 0 2 0 . 0 0 0 0 0 0 0 0 . 0 4 9
2 . 1 7 5 4 5 9 8  0 . 0 0 1 0 . 0 0 0 0 0 00 0 . 0 2 2
2 . 2 0 0 4 5 4 5  0 . 0 0 1 0 .  0 0 0 0 0 0 0 0. 0 *24
2 . 2 2 5 4 4 9 4  0 . 0 0 1 0 . 0 0 0 0 0 0 0 0 .  0 4 7
2 . 2 5 0 4 4 4 4  0 . 0 0 0 0 . 0 0 0 0 0 0 0 0 . 0 2 7
2 . 2 7 5 4 3 9 6  0 . 0 0 0 0 . 0 0 0 0 0 0 0 0 . 0 1 6
2 . 3 0 0 4 3 4 8  0 . 0 0 0 0 . 0 0 0 0 0 0 0 0 . 0 4 7
2 . 3 2 5 4 3 0 1  0 . 0 0 2 0 . 0 0 0 0 0 0 0 0 . 0 5 9
2 . 3 5 0 4 2 5 5  0 . 0 0 0 0 . 0 0 0 0 0 0 2 0 . 0 7 3
2 .  3 7 5 4 2 1 1  0 . 0 0 0 0 . 0 0 0 0 0 0 0 0 . 0 5 8
2 . 4 0 0 4 1 6 7  0 . 0 0 0 0 . 0 0 0 0 0 1 4 0 . 0 9 8
2 . 4 2 5 4 1 2 4  0 . 0 0 7 0 . 0 0 9 0 0 4 6 0 . 1 5 1
2 . 4 5 0 4 0 8 2  0 , 0 2 9 0 . 0 4 3 0 1 4 ? 0 . 2 9 6
2 . 4 7 5 4 0 4 0  0 . 0 7 6 0 . 1  49 0 3 2 6 0 . 5 7 5
2 . 5 0 0 4 0 0 0  0 . 1 5 1 0 . 2 9 0 0 5 8 2 0 . 8 2 6
2 . 5 2 5 3 9 6 0  0 . 2 3 8 0 . 4 4 8 0 7 7 3 0 . 9 6 4
2 . 5 5 0 3 9 2 2  0 . 2 9 8 0 . 5 4 4 0 8 7 3 0 . 9 9 6
2 . 5 7 5 3 8 8 3  0 . 2 9 9 0 . 5 5 4 0 8 9 5 0 . 9 9 8
2 . 6 0 0 3 8 4 6  0 . 2 4 0 0 . 4 5 1 0 8 0 6 0 . 9 8 2
2 . 6 2 5 3 8 1 0  0 . 2 1 3 0 . 3 8 5 0 7 3 7 0 . 9 6 7
2 . 6 5 0 3 7 7 4  0 . 3 0 5 0 . 5 6 1 0 8 3 4 0 . 9 7 7
2 . 6 7 5 3 7 3 8  0 . 3 6 6 0 . 6 5 0 0 9 2 2 0 . 9 9 2
2 . 7 0 0 3 7 0 4  0 . 3 0 7 0 . 5 7 5 0 8 9 2 0 . 9 9 2
2 . 7 2 5 3 6 7 0  0 . 2 9 7 0 . 5 5 5 0 8 7 1 0 . 9 8 8
2 . 7 5 0 3 6 3 6  0 . 3 2 6 0 . 6 0 4 0 9 0 1 0 . 9 9 5
2 . 7 7 5 3 6 0 4  0 . 2 9 7 0 . 5 8 0 0 8 8 1 0 . 9 9 5
2 .  8 0 0 3 5 7 1  0 . 2 8 5 0 . 5 3 ? 0 8 3 4 0 . 9 9 1
2 . 8 2 5 3 5 4 0  0 . 2 7 1 0 . 4 9 1 0 7 8 2 0 . 9 8 7
2 . 8 5 0 3 5 0 9  0 . 2 0 7 0 . 4 2 5 0 7 1 7 0 . 9 4 5
2 . 8 7 5 3 4 7 8  0 . 1 8 1 0 . 3 5 2 0 6 2 1 0 . 9 0 3
2 . 9 0 0 3 4 4 8  0 . 1 2 2 0 . 2 7 4 0 5 2 5 0 .  8 0 3
2 . 9 2 5 3 4 1 9  0 . 0 9 9 0 . 2 0 9 0 4 0 1 0 . 6 7 6
2 . 9 5 0 3 3 9 0  0 . 0 6 6 0 . 1 6 1 0 3 2 3 0 . 5 9 3
2 . 9 7 5 3 3 6 1  0 . 0 3 9 0 . 1 2 8 0 251 0 . 4 8 2
3 . 0 0 0 3 3 3 3  0 . 0 3 4 0 . 1 0 8 0 2 0 6 0 . 4 0 6
3 . 0 2 5 3 3 0 6  0 . 0 3 6 0 . 1 0 7 0 1 9 0 0 . 3 3 7
3 . 0 5 0 3 2 7 9  0 . 0 5 5 0 . 0 9 0 0 1 2 4 0 . 3 0 5
3 . 0 7 5 3 2 5 2  0 . 0 4 2 0 . 0 6 1 0 1 3 3 0 . 2 6 4
3 . 1 0 0 3 2 2 6  0 . 0 3 9 0 . 0 9 3 0 1 2 ? 0 . 2 0 6
279
3 . 1 2 5 3 2 0 0 0 .
3 . 1 5 0 31 75 0 .
3 . 1 7 5 3 1 5 0 0 .
3 . 2 0 0 3 1 2 5 0 .
3 . 2 2 5 3101 ft.
3 . 2 5 0 3 0 7 7 0 .
3 . 2 7 5 3 0 5 3 0 .
3 .  3 0 0 3 0 3 0 0 .
3 . 3 2 5 3 0 0 8 0 .
3 . 3 5 0 2 9 8 5 0 .
3 . 3 7 5 2 9 6 3 0 .
3 . 4 0 0 2941 o .
3 . 4 2 5 29 2 0 0 .
3 . 4 5 0 2 8 9 9 0 .
3 . 4 7 5 2 8 7 8 0 .
3 .  50 0 2 8 5 / 0 .
3 . 5 2 5 2 8 3  7 0 .
3 . 5 5 0 281 7 0 .
3 .  575 2 7 9 7 0 .
3 . 6 0 0 2 7 7 8 0 .
3 . 6 2 5 2 7 5 9 0 .
3 . 6 5 0 2 7 4 0 0 .
3 . 6 7 5 2721 0 .
3 . 7 0 0 2 7 0 3 0 .
3 . 7 2 5 2 6 8 5 0 .
3 . 7 5 0 2 6 6 7 0 .
3 . 7 7 5 2 6 4 9 0 .
3 .  8 0 0 2 6 3 2 0 .
3 . 8 2 5 2 6 1 4 0 .
3 . 8 5 0 2 5 9 7 0 .
3 . 8 7 5 25 81 0 .
3 . 9 0 0 2 5 6  4 0 .
3 . 9 2 5 25 48 0 .
3 . 9 5 0 2 5 3 2 0 .
3 . 9 7 5 2 5 1 6 0 .
4 . 0 0 0 2 5 0 0 0 .
0 . 0 6 1  0 . 0 9 6  0 . 1 6 /
0 . 0 6 3  0 . 0 8 4  0 . 1 8 3
0 . 0 6 2  0 . 0 8 3  0 . 2 0 9
0 . 0 4 6  0 . 1 1 9  0 . 1 8 5
0 . 0 5 1  0 . 1 2 3  0 . 1 4 /
0 . 0 3 2  0 . 0 9 1  0 . 1 6 6
0 . 0 5 9  0 . 0 9 3  0 . 1 6 2
0 . 0 6 8  0 . 1 1 3  0 . 1 9 5
0 . 0 4 4  0 . 0 9 7  0 . 1 6 4
0 . 0 6 7  0 . 0 9 4  0 . 1 9 4
0 . 0 1 3  0 . 0 8 1  0 . 1 9 1
0 . 0 5 2  0 . 0 7 8  0 . 0 4 2
0 . 0 5 9  0 . 0 6 9  0 . 1 4 5
0 . 0 5 1  0 . 0 4 1  0 . 0 8 6
0 . 0 2 6  0 . 0 4 8  0 . 1 1 7
0 . 0 4 3  0 . 0 4 9  0 . 0 0 5
0 . 0 2 8  0 . 0 1 7  0 . 0 3 7
0 . 0 4 0  0 . 0 1 8  0 . 0 9 4
0 . 0 0 0  0 . 0 6 ?  0 . 0 4 1
0 . 0 5 6  0 . 0 7 1  0 . 0 0 0
0 . 0 4 6  0 . 0 4 4  0 . 0 3 2
0 . 0 2 0  0 . 0 0 0  . 0 . 0 6 1
0 . 0 3 6  0 . 0 0 0  O. f tOO
0 . 0 2 2  0 . 0 0 5  0 . 0 9 8
0 . 0 0 0  0 . 0 6 4  0 . 0 0 0
0 . 0 4 1  0 . 0 3 7  0 . 0 0 0
0 . 0 0 7  0 . 0 2 8  0 . 0 6 1
0 . 0 2 7  0 . 0 6 5  0 . 1 3 0
0 . 0 4 9  0 . 0 5 6  0 . 0 3 2
0 . 0 2 0  0 . 0 2 0  0 . 0 7 8
0 . 0 0 9  0 . 0 6 2  0 . 1 2 2
0 . 0 5 9  0 . 0 6 8  0 . 1 4 5
0 . 0 4 9  0 . 0 4 2  0 . 0 4 1
0 . 0 3 9  0 . 0 0 0  0 . 1 2 2
0 . 0 1 1  0 . 0 2 8  0 . 0 1 5
0.011 0 .100  0 .017
0 2 4
01 0
022
0 0 7
0 2 3
00 0
0 0 0
000
000
000
0 1 8
0 0 4
0 0 0
0 0 4
0 0 9
000
000
0 3 3
0 5 3
0 0 5
0 3 2
000
000
000
000
0 0 0
000
0 5 7
0 3 8
000
000
000
000
0 5 0
0 0 0
0 0 0
/
2S0
RUN NUMBER 587 588 5 89 590
GAS H 2 0 / C 0 ? H20/C02 H 2 0  / c 0  ? M ?  0 / C 0 2
1 F M P F R A T U K F ( K )  7 0 0 700 700 700
TOT . PRF SS  . ( A T M )  ? . 1 2 . 7 4 .  A 6 . 9
COMPOSN H 2 0 )  1 . 0 0 0 0 . 7 9 0 0 . 480 0 . 3 0 4
COMPOSN C 0 2 ) 0 . 0 0 0 0 . 1 0 5 0 . 260 0 . 3 A 8
PATH I F N GT H( CM)  9 . 3 2 9 . 3 ? 9 . 3 ? 9 . 32
WA VF ( MU WAVE (CM-1  )
LENGTH NUMBER
1 . 7 2 5 5797  0 . 0 3 3 0 . 0 2 2 0 05 4 0 .  093
1 . 7 5 0 5 7 1 4 '  0 . 0 7 8 0 . 0 5 6 0 1 0 ? 0 . 1 2 7
1 . 7 7 5 5634  0 . 1 5 5 0 . 1 3 0 0 241 0 . 3 3 4
1 . 8 0 0 5556 0 . 2 4 0 0 . 2 3 9 0 367 0 . 5 1 3
1 . 8 2 5 5479 0 . 2 8 1 0 . 2 9 2 0 A 36 0 . 6 4 2
1 . 8 5 0 5405 0 . 2 7 3 0 . 2 7 ? 0 441 0 . 6 3 1
1 . 8 7 5 5333  0 . 2 4 6 0 . 2 3 7 0 389 0.  572
1 . 9 0 0 5263 0 . 2 4 2 0 . 2 3 9 0 385 0 . 5 6 6
1 . 9 2 5 5195 0 . 2 2 3 0 . 2 2 8 0 365 0 . 5 6 1
1 . 9 5 0 5128  0 . 1 6 7 0 . 1 6 4 0 268 0 . 4 1 0
1 . 9 7 5 5063  0 . 0 9 8 0 . 0 8 5 0 149 0 , 2 3 4
2 . 0 0 0 5000  0 . 0 5 7 0 . 0 2 6 0 080 0 . 0 9 7
2 . 0 2 5 4938  0 . 0 4 2 0 . 0 0 6 0 045 0 . 0 3 6
2 . 0 5 0 4878  0 . 0 3 6 0 . 0 0 2 0 038 0 . 029
2 . 0 7 5 4819 0 . 0 2 9 0 . 0 1 6 0 026 0 . 0 3 1
2 . 1 0 0 4762  0 . 0 2 8 0 . 0 1 7 0 027 0 . 0 2 9
2 . 1 2 5 4706  0 . 0 3 2 0 . 0 1 0 0 017 0 . 0 1 2
2 . 1 5 0 4651 0 . 0 2 ? 0 . 0 1 2 0 038 0 . 0 1 9
2 . 1 7 5 4598  0 . 0 3 2 0 . 0 1 0 0 016 0 . 0 2 3
2 . 2 0 0 4545  0 . 0 3 ? 0 . 0 0 0 0 025 0 . 0 2 6
2 . 2 2 5 4494 0 . 0 4 2 0 . 006 0 029 0 . 0 0 0
2 . 2 5 0 4444  0 . 0 3 1 0 . 0 0 5 0 048 0 . 0 2 2
2 . 2 7 5 43 96  0 . 0 3 9 0 . 0 0 4 0 033 0 . 0 3 2
2 . 3 0 0 43 48  0 . 0 2 8 0 . 0 0 8 0 041 0 . 0 2 8
2 . 3 2 5 4301 0 . 0 4 6 0 . 0 2 6 0 039 0 . 0 7 0
2 . 3 5 0 4255  0 . 0 4 7 0 . 0 1 5 0 050 0 . 0 5 5
2 . 3 7 5 4211 0 . 0 5 5 0 . 0 1 9 0 0 6 2 0 . 0 7 3
2 . 4 0 0 41 67  0 . 0 5 8 0 . 0 1 9 0 086 0 . 0 8 0
2 . 4 2 5 41 24  0 . 0 8 3 0 . 0 7 0 0 1 2 1 0 . 1 8 2
2 . 4 5 0 4082  0 . 1 6 2 0 . 1 3 9 0 241 0 . 3 6 0
2 . 4 7 5 4040  0 . 3 2 8 0 . 3 2 9 0 481 0 . 6 2 8
2 . 5 0 0 4000  0 . 5 3 1 0 . 5 4 8 0 716 0 . 8 7 7
2 . 5 2 5 3960 0 . 7 0 6 0 . 7 3 8 0 896 0 . 9 8 7
2 . 5 5 0 39 22  0 . 8 0 2 0 . 8 4 1 0 963 1 . 0 0 0
2.  575 38 83  0 . 8 2 5 0 . 8 5 9 0 97 7 1 . 0 0 0
2 . 6 0 0 3846  0 . 7 2 3 0 . 7 6 1 0 915 1 . 0 0 0
2 . 6 2 5 38 10  0 . 6 4 9 0 . 6 6 3 0 840 0 . 9 6 7
2 . 6 5 0 3774  0 . 7 4 4 0 . 7 7 4 0 906 0 . 9 9 8
2 . 6 7 5 3738  0 . 8 5 5 0 . 8 7 7 0 971 1 . 0 0 0
2 . 7 0 0 3704  0 . 7 9 9 0 . 8 4 3 0 969 1 . 0 0 0
2 . 7 2 5 36 70  0 . 7 7 9 0 . 8 1 4 0 950 1 . 0 0 0
2 . 7 5 0 3636  0 . 8 0 4 0 . 8 4 4 0 976 1 . 0 0 0
2 . 7 7 5 36 04  0 . 7 9 2 0 . 8 3 6 0 95 3 1 , 0 0 0
2 . 8 0 0 3571 0 . 7 5 0 0 , 7 8 1 0 9*3 2 1 . 0 0 0
2 . 8 2 5 35 40  0 . 6 9 2 0 . 7 1 2 0 897 1 . 0 0 0
2 . 8 5 0 3509 0 . 6 2 9 0 . 6 5 8 0 831 0 . 9 8 6
2 . 8 7 5 34 78  0 . 5 4 5 0 . 5 5 9 0 750 0 . 9 6 2
2 . 9 0 0 34 48  0 . 4 4 2 0 . 4 4 7 0 631 0 . 8 8 5
2 . 9 2 5 3419 0 . 3 4 8 0 . 3 4 5 0 508 0 . 7 7 8
2 . 9 5 0 3390  0 . 2 6 7 0 . 2 7 4 0 418 0 . 6 7 5
2 . 9 7 5 3361 0 . 2 2 3 0 . 2 2 3 0 341 0 . 5 8 5
3 . 0 0 0 33 33  0 . 1 5 9 0 . 1 7 2 0 2 42 0 . 4 7 6
3 . 0 2 5 3306  0 . 1 3 1 0 . 1 3 9 0 2 1 1 0 . 3 9 0
3 . 0 5 0 3279  0 . 1 1 5 0 . 1 2 4 0 182 0 . 3 1 1
3 . 0 7 5 3252  0 . 1 0 3 0 . 0 9 5 0 129 0 . 2 9 8
3 . 1 0 0 3226  0 . 0 8 1 0 _ 078 0 1 1 n ft O K A
3 . 1 2 5 3 2 0 0 0 . 0 8 3
3 . 1 5 0 3 1 7 5 0 . 0 5 7
3 . 1 7 5 3 1 5 0 0 . 0 5 5
3 . 2 0 0 3 1 2 5 0 . 0 8 ?
3 . 2 2 5 3101 0 . 0 7 6
3 . 2 5 0 3 0 7 7 0 . 0 5 7
3 . 2 7 5 3 0 5 3 0 . 0 5 8
3 . 3 0 0 3 0 3 0 0 . 1 0 2
3 .  325 3 0 0 8 0 . 0 7 3
3 . 3 5 0 2 9 8 5 0 . 0 8 9
3 . 3 7 5 2 9 6 3 0 .  0 6 6
3 . 4 0 0 2941 0 . 0 2 7
3 . 4 2 5 29 2 0 0 . 0 3 7
3 . 4 5 0 2 8 9 9 0 . 0 4 7
3 . 4 7 5 2 8 7 8 0 . 0 5 3
3 . 5 0 0 v 2 8 5 7 0 . 0 3 5
3 . 5 2 5 2 8 3 7 0 . 0 4 J
3 . 5 5 0 281 7 0 .  0 2 6
3 . 5 7 5 2 7 9 7 0 . 0 2 ?
3 . 6 0 0 2 7 7 8 0 . 0 0 5
3 . 6 2 5 2 7 5 9 0 . 0 1 1
3 . 6 5 0 2 7 4 0 0 . 0 4 3
3 . 6 7  5 2721 0 . 0 0 5
3 . 7 0 0 2 7 0 3 0 . 0 2 7
3 . 7 2 5 2 6 8 5 0 . 0 1 3
3 . 7 5 0 2 6 6 7 0 . 0 2 2
3 . 7 7 5 2 6 4 9 0 . 0 5 8
3 . 8 0 0 2 6 3 2 0 . 0 0 0
3 . 8 2 5 2 6 1 4 0 . 0 0 0
3 . 8 5 0 2 5 9 7 0 . 0 3 9
3 . 8 7 5 25 81 0 . 0 2 9
3 . 9 0 0 2 5 6 4 0 . 0 0 9
3 . 9 2 5 2 5 4 8 0 . 0 2 1
3 . 9 5 0 2 5 3 2 0 . 0 0 0
3 . 9 7 5 2 5 1 6 0 . 0 0 0
4 . 0 0 0 2 5 0 0 0 . 0 2 4
. 0 7 1  0 . 0 / 0  0 . 1 9 ?
. 0 6 6  0 . 0 5 ?  0 . 1 6 1
. 0 7 8  0 . 0 9 7  0 . 1 9 8
. 0 8 2  0 . 0 9 0  0 . ? ? 5
. 0 5 8  0 . 0 6 1  0 . 1 3 8
. 0 4 7  0 .  05 8  0 .  1 ?()
. 0 4 1  0 . 0 6 1  0 . 1 6 4
. 0 8 0  0 . 0 9 8  0 . 1 9 9
. 0 7 7  0 . 0 7 5  0 . 1 6 3
. 0 7 5  0 . 0 4 5  0 . 1 3 5
. 0 5 9  0 . 0 7 9  0 . 1 0 7
. 0 5 3  0 . 0 3 0  0 . 1 0 0
. 0 3 5  0 . 0 4 8  0 . 1 0 2
. 0 1 6  0 . 0 2 5  0 . 0 2 4
. 0 3 7  0 . 0 4 5  0 . 0 8 1
. 0 3 8  0 . 0 0 7  0 . 0 7 4
. 0 3 3  0 . 0 0 0  0 . 0 5 9
. 0 1 8  0 . 0 0 7  0 . 1 2 0
. 0 4 7  0 . 0 7 4  0 . 0 0 6
. 0 2 5  0 . 0 0 0  0 . 0 5 4
. 0 1 3  0 . 0 0 8  0 . 0 5 6
. 0 5 3  0 . 0 0 0  0 . 0 2 1
. 0 4 2  0 . 0 0 0  0 . 0 2 1
. 0 4 5  0 . 0 0 0  0 . 0 8 1
. 0 4 0  0 . 0 0 0  0 . 0 5 4
. 0 5 9  0 . 0 0 0  0 . 0 0 0
. 0 7 9  0 . 0 0 0  0 . 0 7 8
. 0 4 7  0 . 0 0 0  0 . 0 6 7
. 0 2 0  0 . 0 5 1  0 . 0 1 1
. 0 3 2  0 . 0 1 4  0 . 0 0 0
. 0 7 8  0 . 0 0 0  0 . 0 0 0
. 0 9 0  0 . 0 1 6  0 . 0 8 5
. 0 3 9  0 . 0 6 6  0 . 0 8 5
. 1 1 3  0 . 0 0 0  0 . 0 4 5
. 1 8 5  0 . 0 0 0  0 . 1 5 7
. 0 3 1  0 . 0 7 6  0 . 0 4 7
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
RUN NUMRFR 591 59 2 593 59 A 59 5
GAS H 2 0 / C 0 ? H 2 0  / c n 2 H ? 0 / C O ? H2 0 / C 0 ? H2 0 /CO?
t f m p f r a t u r f <K) 900 900 9 0 0 900 9 0 0
T 01 . P R F S S . ( ATM) 2 . 0 1 . 8 2 . 7 A . 3 6  . 7
COMPOSN H 2 0 ) 1 . 0 0 0 1 . 0 0 0 0 . 6  89 0 . 4 3 3 0 . 2 8 A
COMPOS M C O ? ) 0 . 0 0 0 0 . 0 0 0 0 . 3 1 1 0 . 5 6 7 ft . 7 1 6
PATH I F G T H ( C M ) 9 . 3 ? 9 .  32 9 . 3 ? 9 . 3 ? 9 . 3 ?
WAVE(MU WA VE ( C M- 1 )
1 F N G T H NUMBFR
1 . 7 2 5 5797 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . ooo 0 16 8
1 . 750 571 4 0 . 0 1 4 0 . 0 1 9 0 . 0 3 0 0 . 1 0 6 0 241
1 . 775 5634 0 .  099 0 . 0 8 3 0 . 1 3 7 0 . 2 2 ? 0 36 A
1 . 80 0 5556 0 . 1 4 0 0 . 1 2 9 0.  21 7 0 . 3  50 0 507
1 . 825 5479 0 . 1 7 7 0 . 1 7 0 0 . 2 6 9 0 . 4 0 7 0 59 8
1 . 850 5405 0 . 1 8 7 0 . 1 6 1 0 . 2 5 7 0 . 4 0 6 0 58 A
1 . 875 5333 0 . 1 4 4 0 . 1 3 9 0 . 2 2 3 0 . 3 6 1 0 559
1 . 900 5263 0 . 1 4 5 0 . 1 3 9 0.  2 2 7 0 . 3 6 1 0 52 3
1 . 925 5195 0 . 1 5 1 0 . 1 5 4 0 . 2 2 4 0 . 3 6 5 0 526
1 . 95 0 5128 0 . 1 1 6 0 . 1 2 3 0 . 1 8 4 0 . 2 9 8 0 4 7 A
1 . 97 5 5063 0 . 0 5 0 0 . 0 6 0 0 . 1 0 8 0 . 2 0 1 0 328
2 .  000 5000 0 . 0 0 7 0 . 0 1 8 0 . 0 3 0 0 . 1 0 4 0 2 38
2 . 0 2 5 4938 0 . 0 0 0 0 . 0 0 2 0 . 0 0 2 0 . 0 4 7 0 1 59
2 . 0 5 0 4878 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 0 3 2 0 125
2 . 0 7 5 4819 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 0 2 7 0 088
2 . 1 0 0 4 7 6 ? 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 1 4 0 077
2 . 1 2 5 4706 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 1 3 0 06 A
2 . 1 5 0 4651 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 0 0 1 0 103
2 . 1 7 5 4598 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 1 6 0 088
2 , 2 0 0 4545 0 . 0 0 0 0 . 0 0 0 0 . ooo 0 . 0 2 7 0 0A8
2 . 2 2 5 4494 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 1 2 0 088
2 . 2 5 0 4 4 4 4 ' 0 . 0 0 0 0 . 0 0 0 o .  ooo 0 . 0 2 3 0 0 8 ?
2 . 2 7 5 4396 0 . 0 0 0 0 . 0 0 0 0 .  0 0 0 0 . 0 3 7 0 079
2 . 3 0 0 4348 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 3 4 0 105
2 . 3 2 5 4301 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 4 3 0 1 2 A
2 . 3 5 0 4255 0 . 0 0 0 0 . 0 0 0 0 . 0 1 0 0 . 0 4 4 0 11  6
2 . 3 7 5 4211 0 . 0 0 5 0 . 0 0 9 0 . 0 1 3 0 . 0 6 8 0 1 59
2 . 4 0 0 4167 0 . 0 0 7 0 . 0 2 4 0.  027 0 . 0 9 3 0 198
2 . 4 2 5 4124 0 . 0 6 ? 0 . 0 7 1 0 .  098 0 . 1 7 8 0 297
2 . 4 5 0 4082 0 . 1 9 0 0 . 1 7 7 0 .  236 0 . 3 7 5 0 499
2 . 4 7 5 4040 0 . 3 4 6 0 . 3 2 3 0 . 4 3 9 0 . 6 1 3 0 761
2 . 5 0 0 4000 0 . 5 3 7 0 . 5 0 3 0 . 6 4 9 0 . 8 0 7 0 925
2 . 5 2 5 3960 0 . 6 7 3 0 . 6 3 1 0 .  796 0 . 9 3 4 0 99 A
2 . 5 5 0 39 22 0 . 7 4 8 0 . 7 0 3 0 . 8 5 3 0 . 9 7 1 1 ooo
2 . 5 7 5 3883 0 . 7 1 6 0 . 6 6 9 0 . 8 3 9 0 . 9 5 7 1 0 0 0
2 . 6 0 0 3846 0 . 5 9 0 0 . 5 4 6 0.  722 0 . 8 7 8 0 989
2 . 6 2 5 3810 0 . 5 0 2 0 . 5 8 5 0 . 6 5 1 0 . 8 2 7 0 8 6 8
2 . 6 5 0 3774 0 . 6 6 0 0 . 6 6 1 0 . 7 6 7 0 . 8 9 5 0 979
2 . 6 7 5 3738 0 . 7 7 9 0 . 7 8 9 0 . 8 9 4 0 . 9 6 8 1 0 0 0
2 . 7 0 0 3704 0 . 7 3 6 0 . 7 6 5 0 . 8 5 6 0 . 9 7 1 1 0 0 0
2 . 7 2 5 3670 0 . 6 8 9 0 . 7 0 8 0 . 8 3 1 0 . 9 6 0 1 0 0 0
2 . 7  50 3636 0 . 7 2 8 0 . 7 4 6 0 . 8 5 8 0 . 9 6 4 1 0 0 0
2 . 7 7 5 3604 0 . 7 2 6 0 . 7 5 4 0 . 8 4 0 0 . 9 5 9 1 0 0 0
2 . 8 0 0 3571 0 . 7 0 3 0 . 7 1 7 0 . 820 0 . 9 4 1 1 0 0 0
2 . 8 2 5 3540 0 . 6 5 8 0 . 6 9 2 0 . 7 8 9 0 . 9 4 4 0 996
2 . 8 5 0 3509 0 . 6 1 0 0 . 6 4 9 0 . 7 4 1 0 . 8 9 7 0 9 9 ?
2 . 8 7 5 3478 0 . 5 4 3 0 . 5 8 7 0 . 6 6 8 0 . 8 5 1 0 973
2 . 9 0 0 3448 0 . 4 6 6 0 . 5 1 4 0 . 5 9 0 0 . 7 5 7 0 936
2 . 9 2 5 3419 0 . 3 7 7 0 . 4 3 5 0 . 5 0 3 0 . 6 9 1 0 898
2 . 9 5 0 339 0 0 .  298 0 . 3 9 0 0 . 4 1 9 0 . 5 9 8 0 827
2 . 9 7 5 3361 0 . 2 3 9 0 . 3 1 7 0 . 3 4 7 0 . 5 1 2 0 72  4
3 . 0 0 0 3 3 3 3 0 . 1 7 1 0 . 2 7 3 0 . 266 0 . 4 0 7 0 628
3 . 0 2 5 3306 0 . 1 6 0 0 . 2 2 7 0 . 2 2 4 0 . 3 3 2 0 553
3 . 0 5 0 3279 0 . 0 9 7 0 . 2 3 0 0 . 1 6 1 0 . 2 7 9 0 445
3 . 0 7 5 3252 . 0 . 0 8 7 0 . 1 8 8 0 . 1 3 5 0 . 2 3 4 0 429
3 . 1 0 0 3226 0 . 0 5 9 0 . 1 5 4 0 . 1 1 1 0 . 1 8 5 0 346
283
3 . 1 2 5 3 2 0 0 0 . 0 5 7 0 .
3 . 1 5 0 3 1 7 5 0 . 0 4 1 0 .
3 . 1 7 5 31 50 0 . 0 3 9 0 .
3 . 2 0 0 3 1 2 5 0 . 0 2 ? 0 .
3 . 2 2 5 3101 0 . 0 1 9 0 .
3 . 2 5 0 3 0 7 7 0 . 0 3 1 0 .
3 . 2 7 5 3 0 5 3 0 . 0 4 0 0 .
3 . 3 0 0 3 0 3 0 0 . 0 2 9 0 .
3 . 3 2 5 3 0 0 8 0 . 0 0 0 0 .
3 . 3 5 0 2 9 8 5 0 . 0 3 1 0 .
3 . 3 7 5 2 9 6 3 0 . 0 1 4 0 .
3 .  4 0 " 29 41 0 . 0 0 0 0 .
3 . 4 2 5 29 2 0 0 . 0 0 0 0 .
3 . 4 5 0 2 8 9 9 0 . 0 0 0 0 .
3 .  475 2 8 7 8 0 . 0 0 0 0 .
3 . 5 0 0 2 8 5 7 0 . 0 0 0 0 .
3 . 5 2 5 2 8 3 7 0 . 0 0 0 0 .
3 . 5 5 0 2 8 1 7 0 . 0 0 0 0 .
3 .  575 2 7 9 7 0 . 0 0 0 0 .
3 . 6 0 0 2 7 7 8 0 . 0 0 0 0 .
3 . 6 2 5 2 7 5 9 0 . 0 0 0 0 .
3 . 6 5 0 2 7 4 0 0 . 0 0 0 0 .
3 . 6 7 5 2721 0 . 0 0 0 0 .
3 . 7 0 0 2 7 0 3 0 . 0 0 0 0 .
3 . 7 2 5 2 6 8 5 0 . 0 3 8 0 .
3 . 7 5 0 2 6 6 7 0 . 0 0 0 0 .
3 . 7 7 5 2 6 4 9 0 . 0 0 0 0 .
3 . 8 0 0 2 6 3 2 0 . 0 0 9 0 .
3 . 8 2 5 2 6 1 4 0 . 0 0 0 0 .
3 . 8 5 0 2 5 9 7 0 , 0 0 0 0 .
3 . 8 7 5 2581 0 . 0 0 0 0 .
3 . 9 0 0 2 5 6 4 0 . 0 0 0 0 .
3 . 9 2 5 2548' 0 . 0 0 0 0 .
3 . 9 5 0 2 5 3 2 0 . 0 0 0 0 .
3 . 9 7 5 2 5 1 6 0 . 0 0 0 0 .
4 . 0 0 0 2 5 0 0 0 . 0 0 0 0 .
0 . 0 8 4 0 . 1 8 8 0 . 3 2  6
0 . 0 8 1 0 . 1 3 0 0 . 2Q5
0 . 09 3 0 . 1 2 7 0 . 3 1 4
0 .  065 0 . 1 5 1 0 . 2 7 3
0 .  075 0 . 1 3 1 0 . 2 5 ?
0 .  0 49 0 . 1 1 5 0 . 2 2 7
0 .  09 0 0 . 1 2 3 0 . 2 6 6
0 .  0 7 4 0 . 1 0 3 0 . 2 4 4
0 . 0 4 5 0 . 1 5 4 0 . 2 6 3
0 .  081 0 . 1 2 2 0 .  269
0 .  061 0 . 1 4 8 0 . 2 0 4
0 .  049 0 .  09 4 0 . 2 6 ?
0 .  0 2 5 0 . 1  00 ' 0 . 2 1 4
0 .  0 5 6 0 . 0 6 9 0 . 2 1  2
0 .  0 3 2 0 . 0 4 6 0 . 091
0 . 0 3 3 0 . 0 0 2 0 . 1 6 9
0 . 0 4 4 0 . 0 8 1 0 . 1  39
0 . 024 0 . 0 6 2 0 . 1 5 4
0 . 0 5 5 0 . 0 5 2 0 . 1 7 4
0 .  0 3 8 0 . 0 1 0 0 . 1 4 6
0 .  04 6 0 . 0 1 7 0 . 0 7 7
0 . 0 2 8 0 . 0 1 8 0 . 0 4 9
0 .  0 2 2 0 . 0 3 7 0 . 0 6 5
0 . 0 1 5 0 . 0 4 8 0 . 1 3 3
0 . 0 6 5 0 . 0 1 2 0 . 1 2 9
0 . 0 1 7 0 . 0 5 6 0 . 1 8 0
0 . 0 3 7 0 . 0 8 1 0 . 1 3 ?
0 . 0 2 0 0 . 0 5 0 0 . 1 9 7
0 . 0 2 1 0 . 0 0 0 0 . 1 39
0 . 0 2 2 0 . 0 0 0 0 . 0 3 4
0 . 0 2 4 0 . 0 8 9 0 . 1 3 8
0 . 0 0 0 0 . 0 7 8 0 . 1 2 5
0 . 0 2 6 0 . 0 2 0 0 . 0 7 8
0 . 0 7 0 0 . 0 0 0 0 .  2 6 6
0 . 0 0 0 0 . 0 6 0 0 . 2 4 ?
0 . 0 . 3 3 0 . 1 5 0 0 . 1 3 0
i '
i • 5
17 3
1 6 0
1 5 6
171
1 3 3
1 4 5
1 4 2
1 2 5
154
1 4 9
1 2 7
1 23
1 2 4
1 1 3
0 9 2
1 0 2
0 9 4
101
1 1 6
1 2 5
0 9 3
0 8 8
1 37
131
1 0 4
1 4 5
0 9 7
0 9 2
0 7 9
1 3 3
110
0 8 4
1 4 9
0 8 3
000
1 2 9
♦
RUN NUMBER 596 59 7 598 599
GAS H 2 0 / C 0 ? HPO/CO? H2 0 / C 0 ? H20/ C02
TFMPF  RA I IRF ( K ) 900 900 900 9 00
T 0 T . P R F S . ( A T M ) 1 . 8 2.  A 3.  A 6 . 5
COMPOSN H 2 0 ) 1 . 0 0 0 0 . 7 2 6 0 . 5 0 0 0 . 2 6 5
COMPOSN C O ? ) 0 . 0 0 0 0 . 1 3 7 0 . 2 5 0 0 .  36 7
PATH L F G T H ( C M ) 9 . 3 ? 9 . 3 2 9 . 5? 9 . 3 ?
WAVE (MU W A V F ( CM- 1 )
I F N G T  H NUMBER
1 . 7 2 5 5797 0 . 0 4 0 0 . 0 1 7 0 . 0 3 8 0 . 0 2 2
1 . 7 5 0 5714 0 . 039 0 . 0 6 6 0 . 0 A 7 0 . 1 1 3
1 . 7 7 5 5 6 3 A 0 . 0 9 7 0 . 131 0 . 1 9 1 0 . 2 9 8
1 . 800 5556 0 . 1 6 1 0 . 1 9 3 0 .  ? 7 ? 0 . 4 3 8
1 . 8 2 5 5479 0 . 1 8 ? 0 . 2 2 4 0 . 3 1 9 0 . 5 3 2
1 . 8 5 0 5405 0 . 1 7 9 0 . 2 1 3 0 . 3 0 8 0 . 5 1 9
1 . 8 7 5 5333 0 . 1 4 1 0 . 1 6 9 0.  257 0 . 4 7 3
1 . 9 0 0 5263 0 . 1 4 0 0 . 1 7 5 0 . 2 6 A 0 . 4 7 8
1 . 9 2 5 5195 0 .1 4 A 0 . 1 7 6 0 .  26 A 0 . 4 76
1 . 9 5 0 5128 0 . 1 0 8 0 .1 3 A 0 . 2 0 6 0 . 3 9 9
1 . 9 7 5 5063 0 . 0 5 8 0 . 0 6  5 0 . 1 1 8 0 . 2 5 7
2 . 0 0 0 5000 0 . 0 2 3 . 0 . 0 1 6 0 .  036 0 . 1 2 4
2 . 0 2 5 4938 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 5 7
2 . 0 5 0 4878 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 0 7 5 4819 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 1 0 0 4762 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 1 2 5 4706 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 1 5 0 4651 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 1 7 5 4 59 8 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 2 0 0 4545 0 . 0 0 0  . 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 2 2 5 4494 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 2 5 0 4444 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 2 7 5 4396 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 3 0 0 4348 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 3 2 5 4301 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 3 5 0 4255 0 . 0 0 0 * 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
2 . 3 7 5 4211 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 1 6
2 . 4 0 0 41 67 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 6 1
2 . 4 2 5 4124 0 . 0 3 6 0 . 0 A 9 0 . 0 7 8 0 . 1 9 3
2 . 4 5 0 4082 0 . 1 2 9 0 . 1 6 5 0 . 268 0 . 4 4 5
2 . 4 7 5 4040 0 . 2 9 ? 0 . 3 6 1 0 .  A93 0 . 7 0 2
2 . 5 0 0 4000 0 . 4 5 9 0 . 5 6 2 0 . 7 1 9 0 . 8 9 9
2 . 5 2 5 3960 0 . 5 9 4 0 . 7 1 2 0 . 8 6 0 0 . 9 8 6
2 . 5 5 0 3922 0 . 6 5 8 0 . 7 7 9 0 . 9 2 7 1 . 0 0 0
2 . 5 7 5 3883 0 . 6 3 5 0 . 7 5  A 0 . 9 0 2 1 . 0 0 0
2 . 6 0 0 3846 0 . 5 1 7 0 . 6 2 8 0 . 7 8 9 0 . 9 8 3
2 . 6 2 5 3810 0 . 3 0 5 0 . 5 A 6 0 . A6 8 0 . 9 6 1
2 . 6 5 0 37 74 0 . 5 9 4 0 . 6 8 4 0 . 8 1 8 0 . 9 7 7
2 . 6 7 5 37 38 0 . 7 1 2 0 . 8 3 1 0 . 9 3 9 1 . 0 0 0
2 . 7 0 0 3704 0 . 6 7 5 0 . 7 8 6 0 . 9 2 2 1 . 0 0 0
2 . 7 2 5 3670 0 . 6 2 4 0 . 7 3 0 0 . 8 8 2 1 . 0 0 0
2 . 7 5 0 36 36 0 . 6 5 7 0 . 7 6 2 0 . 9 1 0 1 . 0 0 0
2 . 7 7 5 3 6 04 0 . 6 3 7 0 . 7 5 7 0 . 9 0 1 1 . 0 0 0
2 . 8 0 0 3571 0 . 6 1 5 0 . 7 1 3 0 . 8 8 A 1 . 0 0 0
2 . 8 2 5 3540 0 . 5 8 7 0 . 6 8 3 0 , 8 5 7 1 . 0 0 0
2 . 8 5 0 3509 0 . 5 1 4 0 . 6 3 1 0 . 8 0 7 0 . 9 9 0
2 . 8 7 5 3 4 78 0 . 4 6 3 0 . 5 6 2 0 . 7 4  5 0 . 9 7 5
2 . 9 0 0 34 48 0 . 3 8 7 0 . 4 7 2 0 . 6 4 4 0 . 8 9 3
2 . 9 2 5 3419 0 . 2 9 4 0 . 3 9 7 0 .  541 0 . 8 4 0
2 . 9 5 0 3390 0 . 2 4 6 0 . 3 1 0 0 . 4 6 9 0 . 7 6 2
2 . 9 7 5 3361 0 . 1 6 5 0 . 2 7 4 0 . 3 6 6 0 . 6 5 4
3 . 0 0 0 3333 0 . 1 1 0 0 . 1 5 3 0 . 2 5 8 0 . 5 0 3
3 . 0 2 3 3306 0 . 0 8 ? 0 . 1 1 1 0 . 1 8 6 0 . 4 0 7
3 . 0 5 0 3279 0 . 0 5 3 0 . 0 6 4 0 . 1 3 1 0 . 3 2 7
3 . 0 7 5 3252 0 . 0 4 2 0 . 0 4 5 0 . 0 8 6 0 . 2 3 7
3 . 1 0 0 3226 0 . 0 0 7 0 . 0 1 8 0 . 0 8 3 0 . 2 6 7
285
3 2 0 0 0 . 0 1 1
3 . 1 5 0 3 1 7 5 0 .  0 0 0
3 . 1 7 5 3 1 5 0 0 . 0 0 0
3 . 2 0 0 3 1 2 5 0 . 0 0 0
3 . 2 2 5 31 01 0 .  0 0 0
3 . 2 5 0 3 0 7 7 0 . 0 0 0
3 . 2 7 5 3 0 5 3 0 . 0 0 0
3 . 3 0 0 3 0 3 0 0 . 0 0 0
3 . 3 2 5 3 0 0 8 0 . 0 0 0
3 . 3 5 0 29 8 5 " . 0 0 0
3 . 3 7 5 2 9 6 3 0 . 0 0 0
3 . 40 0 2941 0 . 0 0 0
3 . 4 2 5 2 9 2 0 0 . 0 0 0
3 . 4 5 0 2 8 9 9 0 . 0 0 0
3 . 4 7 5 2 8 7 8 0 . 0 0 0
3 .  500 2 8 5 7 0 . 0 0 0
3 . 5 2 5 2 8 3 7 0 . 0 0 0
3 . 5 5 0 2 8 1 7 0 . 0 0 0
3 . 5 7 5 2 7 9 7 0 . 0 0 0
3 . 6 0 0 2 7 7 8 0 . 0 0 0
3 . 6 2 5 2 7 5 9 0 . 0 0 0
3 . 6 5 0 2 7 4 0 0 . 0 0 0
3 . 6 7 5 2721 0 . 0 0 0
3 . 7 0 0 2 7 0 3 0 . 0 0 0
3 . 7 2 5 2 6 8 5 0 . 0 0 0
3 . 7 5 0 2 6 6 7 0 . 0 0 0
3 . 7 7 5 2 6 4 9 0 . 0 0 0
3 . 8 0 0 2 6 3 2 0 . 0 0 0
3 . 8 2 5 2 6 1 4 0 . 0 0 0
3 . 8 5 0 2 5 9 7 0 . 0 0 0
3 . 8 7 5 2581 0 . 0 0 0
3 . 9 0 0 2 5 6 4 0 . 0 0 0
3 . 9 2 5 2 5 4 8 0 . 0 0 0
3 . 9 5 0 2 532 0 . 0 0 0
3 . 9 7 5 2 5 1 6 0 . 0 0 0
4 . 0 0 0 2 5 0 0 0 . 0 0 0
. 0 1 8 0 . 0 3 0 0 . 1  09
. 0 0 0 0 . 0 5 6 0 . 1 0 ?
. 0 1 5 0 . 0 0 2 0 . 1 3 6
. 0 2 4 0 . 0 2 4 0 . 1 6 ?
. 0 0 0 0 .  O00 0 . 0 3 8
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 1 ? 0 . 1 4 1
. 0 0 0 0 . 0 2 8 0 . 0 9 3
. 0 1 3 0 . 0 0 0 0 . 0 7 1
. 0 0 0 0 . 0 0 3 0 . 0 0 0
. 0 0 0 0 .  0 0 3 0 . 0 5 7
. 0 0 0 0 . 0 0 0 0 . 0 5 9
. 0 0 0 0 . 0 0 0 0 . 0 1 0
. 0 0 0 0 .  0 0 0 0 . 0 0 0
. 0 0 0 0 .  0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0 .  0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0 .  0 0 0 0 . 0 0 0
. 0 0 0 0 .  0 0 0 0 . 0 0 0
. 0 0 0 0 .  0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 1 1 0 . 0 0 0 0 . 0 0 0
. 0 4 2 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
i!
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RUM NUMBER 60 0
GAS H 2 0 / C 0 ?
T F M P F R A T U R F ( K ) 500
1 0 T . P R F S S . ( A T M ) 1 .9
COMPOSN( H 2 0 ) 1 . 0 0 0
COMpOSN ( C O ? ) 0 . 0 0 0 ‘
PATH L E N G T H ( C M ) 9 . 3 ?
WAVE <MU) WAVF (CM - 1  )
L F N G T H NI JMBFR
1 . 7 2 5  / 5797 0 . 0 2 4
1 . 7 5 0  / 571 4 0 .  04 A
1 . 7 7 5  / 5634 0 .  063
1 . 8 0 0  / 5556 0 . 1 5 1
1 . 8 2 5  / 5479 0 . 2 2 ?
1 . 8 5 0  / 5405 0 . 2 4 3
1 . 8 7 5  / 5333 0 . 208
1 . 9 0 0  / 5263 0 . 2 1 3
1 . 9 2 5  / 5195 0 . 1 8 6
1 . 9 5 0  / 51 28 0 . 1 1 6
1 . 9 7 5  / 5063 0 . 0 4 4
2 . 0 0 0  / 5000 0 . 0 0 3
2 . 0 2 5  / 4 9 38 0 . 0 0 0
2 . 0 5 0  / 4878 0 . 0 0 3
2 . 0 7 5  / 4819 0 . 0 0 9
2 . 1 0 0  / 4762 0 . 0 1 1
2 . 1 2 5  / 4706 0 . 0 3 4
2 . 1 5 0  / =46 51 0 . 0 0 3
2 . 1 7 5  / 4598 0 . 0 0 8
2 . 2 0 0  / 4545 0 . 0 0 8
2 . 2 2 5  / 44 94 0 . 0 1 9
2 . 2 5 0 4444 0 . 0 4 0
2 . 2 1 5  / 4396 0 .  009
2 . 3 0 0  / 43 48 0 . 0 1 5
2 . 3 2 5  / 4301 0 . 0 2 4
2 , 3 5 0  / 4255 0 . 0 2 7
2 . 3 7 5  / 4211 0 . 0 4 7
2 . 4 0 0  / 41 67 0 . 0 0 9
2 . 4 2 5  / 41 24 0 . 0 2 8
2 . 4 5 0  / 40 82 0 . 0 7 9
2 . 4 7 5  / 40 40 0 . 1 2 7
2 . 5 0 0 4000 0 . 3 0 2
2 . 5 2 5  t 39 60 0 . 5 1 2
2 . 5 5 0  / 3922 0 . 6 9 1
2 . 5 7 5  / 3883 0 . 7 9 5
2 . 6 0 0  / 3846 0 . 7 3 9
2 . 6 2 5  / 3810 0 . 6 5 5
2 , 6 5 0  7 3 7 74 0 . 7 1 1
2 . 6 7 5  / 3 7 3 8  T i '■ 0 . 8 2 4
2 . 7 0 0  / 3704 0 . 7 5 5
2 . 7 2 5  / 3670 0 . 7 1 7
2 . 7 5 0  / 3636 0 . 7 8 1
2 . 7 7 5  / 3 6 04 0 . 7 3 4
2 . 8 0 0  / 3571 0 . 6 2 7
2 . 8 2 5  / 35 40 0 . 5 3 9
2 . 8 5 0  / 3509 0 . 4 4 8
2 . 8 7 5  / 3478 0 . 3 3 5
2 . 9 0 0  / 3 4 48 0 . 2 5 5
2 . 9 2 5  / 3419 0 . 1 8 3
2 . 9 5 0  / 3390 0 . 1  48
2 . 9 7 5  / 3361 0 . 1 5 2
3 . 0 0 0  / 3333 0 . 1 0 9
3 . 0 2 5  / 3306 0 . 1 3 9
3 . 0 5 0  / 3279 0 . 1 1 3
3 . 0 7 5  / 3252 0 . 0 8 3
3 . 1 0 0  / 3226 0 . 1 0 8
601 602 60 3
H20/C02 H 2 0 / C 0 ? H20/ C02
500 500 5 00
2 . 8 4 . 1 6 . 5
0 . 7 3 0 0 . 49 3 0 . 3 1 1
0 . 1 3 5 0 . 2 5 A 0 .  3A5
9 . 3 2 9 . 32 9 . 3 2
0 . 0 0 0 0 006 0 . 1  1'6
0 . 0 2 0 0 004 0 . 09 0
0.  09A 0 1 31 0 . 2 4 4
0 . 2 0 4 0 2 9 6 0 . 4 7 3
0 . 2 9 6 0 426 0 . 6 5 8
0 . 3 3 7 0 462 0 . 7 1 4
0 . 2 9 8 0 396 0 . 6 5 2
0 . 2 7 5 0 39 7 0 . 6 3 5
0 . 2 3 8 0 356 0 . 5 8 4
0 . 1 4 2 0 21 5 0 . 3 8 7
0 . 0 4 3 0 0 8 ? 0 . 1 9 6
0 . 0 0 3 0 01 4 0 . 0 8 ?
0 . 0 0 0 0 0 1  2 0 . 0 3 1
0 . 0 0 0 0 0 0 0 0 . 0 4 9
0 . 0 0 8 0 005 0 . 0 5 5
0 . 0 0 3 0 024 0 . 0 4 6
0 . 0 0 0 0 023 0 . 0 3 9
0 . 0 0 3 0 003 0 . 0 6 3
0 . 0 0 0 0 0 0 0 0 . 0 6 8
0 . 0 0 0 0 008 0 . 0 3 1
0 . 0 0 5 0 01 5 0 . 0 5 6
0 . 0 2 0 0 01 4 0 . 0 6 2
0 . 0 0 9 0 004 0 . 0 3 3
0 . 0 0 0 0 038 0 . 0 4 3
0 . 0 0 0 0 034 0 . 0 7 3
0 . 0 1 0 0 019 0 . 0 7 4
0 . 0 2 0 0 016 0 . 0 8 6
0 . 0 2 6 0 030 0 . 0 7 9
0 . 0 2 8 0 058 0 . 1 2 7
y .  0 . 0 7 5 0 113 0 . 2 1 7
0 . 2 1 7 0 264 0 .  424
0 . 4 1 2 0 5 39 0 . 7 2 7
0 . 6 5 2 0 805 0 . 9 4 4
- 0 . 8 3 2 0 936 1 . 0 0 0
0 . 9 1 9 0 984 1 . 0 0 0
0 . 8 8 8 0 983- 1 . 0 0 0
0 . 7 5 9 0 9 1 8 0 . 9 8 7
0 . 8 3 1 0 9 36 1 . 0 0 0
0 . 9  32 0 98 8 -1 . 0 0 0
0 . 8 8 1 0 986 1 . 0 0 0
0 . 8 8 2 0 978 1 . 0 0 0
0 . 9 0 6 0 99 2 1 . 0 0 0
0 . 8 7 8 0 9 6 7 1 . 0 0 0
0 . 7 9  4 0 940 0 . 9 9 8
0 . 7 0 4 0 853 0 . 9 8 5
0 . 5 9 4 0 751 0 . 9 4 4
0 . 4 5 5 0 610 0 . 8 3 8
0 . 3 4 0 0 482 0 . 7 2 6
0 . 2 3 0 -o 341 0 . 5 4 1
0 . 1 8 0 0 279 0 . 4 5 9
0 . 1 7 8 0 2 2 1 0 . 3 9 8
0 . 1 1 9 0 178 0 . 3 0 2
0 . 1 0 1 0 166 0 . 3 0 7
0 . 0 8 2 0 108 0 . 2 6 8
0 . 0 9 3 0 117 0 . 2 3 9
0 . 0 5 0 0 1 37 0 . 1 7 4
> 1 2 5 3 2 0 0
3 . 1 5 0 3 1 7 5
3 . 1  75 3 1 5 0
3 . 2 0 0 3 1 2 5
3 . 2 2 5 3101
3 . 2 5 0 3 0 7 7
3 . 2 7 5 3 0 5 3
3 . 3 0 0 3 0 3 0
3 . 3 2 5 3 0 0 6
3 . 350 2 9 8 5
3 . 3 7 5 2 9 6 3
3 .  400 2941
3 . 4 2 5 29 2 0
3 . 4 5 0 2 8 9 9
3.  475 2 8 7 8
3 . 5 0 0 2 8 5 7
3 . 5 2 5 2 8 3 7
3 . 5 5 0 2 8 1 7
3 .  575 2 7 9 7
3 . 6 0 0 2 7 7 8
3 . 6 2 5 27 59
3 . 6 5 0 2 7 4 0
3 . 6 7 5 2721
3 . 7 0 0 2 7 0 3
3 . 7 2 5 2 6 8 5
3 . 7 5 0 26 6  7
3 . 7 7 5 2 6 4 9
3 .  8 0 0 2 6 3 2
3 . 8 2 5 2 6 1 4
3 . 8 5 0 2 5 9 7
3 . 8 7 5 2581
3 . 9 0 0 2 5 6 4
3 . 9 2 5 2 5 4 8
3 . 9 5 0 2 5 3 2
3 . 9 7 5 2 5 1 6
4 . 0 0 0 2 5 0 0
. 0 6  4 0 . 0 3 5 0 . 1 2 7 0 . 1 8 4
. 06 0 0 . 0 0 9 0 . 089 0 .  08 6
. 0 6 3 0 . 0 3 7 0 . 0 9 ? 0 . 1 1 0
. 0 7 ? 0 . 0 7 3 0 . 1 4 7 0 . 209
. 0 8 5 0 . 0 2 3 0 . 0  80 0 . 2 1 6
. 0 8 7 0 .  060 0 .  0 6 6 0 . 1 1 2
. 094 0 . 0 7 2 0 .  1 09 0 . 1 9 6
. 1 08 0 . 0 4 4 0 . 1 0 3 0 . 1 6 6
. 0 7 0 0 . 0 5 8 0 . 0 7 7 0 . 1 4 0
. 0 6 5 0 . 0 5 9 0 . 0 1 5 0 . 1 5 6
. 0 9 5 0 . 0 4 8 0 . 0 8 7 0 .  0 8 6
. 0 6 ° 0 . 0 7 2 0 . 0 5 4 0 . 0 8 9
. 0 2 0 0 . 0 1 3 0 . 0 1 7 0 . 0 6 4
. 0 7 ? 0 . 0 0 6 0 . 0 2 6 0 . 0 3  0
. 0 2 1 0 . 0 2 2 0 . 0 1 7 0 . 0 2 0
. 0 4 6 0 . 0 0 0 0 . 0 3 5 0 . 0 0 0
. 0 5 7 0 . 0 0 0 0 . 0 4 4 0 . 0 0 0
. 0 9 6 0 . 0 0 0 0 . 0 6 4 0 . 0 0 0
. 0 4 3 0 . 0 0 0 0 . 0 4 6 0 . 0 0 0
. 0 6 9 0 . 0 4 6 0 . 0 4 1 0 . 0 0 0
. 0 0 7 0 . 0 3 7 0 . 0 9 2 0 . 1 1 2
. 09 3 0 . 1 2 0 0 . 0 1 1 0 . 0 0 0
. 0 1 9 0 . 0 4 0 0 . 0 4 7 0 . 0 4 5
. 0 4 2 0 . 0 0 9 0 .  0 3 7 0 . 0 0 0
. 0 7 8 0 . 0 1 0 0 . 0 5 4 0 . 0 0 0
. 0 1 0 0 . 0 3 8 0 .  1 05 0 . 0 3 6
. 0 2 3 0 .  0 6 7 0 . 0 6 1 0 . 0 5 8
. 1 0 9 0 .  0 8 7 0 . 0 6 4 0 . 0 3 9
. 0 1 1 0 . 0 5 8 0 . 1 1 8 0 . 1 4 9
. 0 0 0 0 . 0 1 3 0 .  000 0 . 0 7 0
. 1 0 7 0 . 0 0 0 0 . 0 1 9 0 . 0 0 0
. 0 3 ? 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
. 1 44 0 . 0 8 9 0 . 1 5 8 0 . 0 0 0
. 1 2 3 0 . 0 1 6 0 . 0 7 2 0 . 0 2 4
. 0 3 6 0 . 0 5 8 0 . 0 0 0 0 . 1 8 4
. 0 0 0 0 . 0 6 2 0 . 0 0 0 0 . 0 0 0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
PUN Nt lMBFR 60 A 605 606
GAS H ? 0 / C 0 ? H20/C02 H 2 0 / C 0 2
I F M P F R A T U R F ( K )  500 500 s oo
T O T . P R E S S .  ( A T M )  3 . ? 4 . 7 7 . 0
COMPOSN H 2 0 )  1 . 000 0 . 6 8 6 0 . A64
COMPOSN C 0 2 )  0 . 0 0 0 0 . 3 1 4 0 . 5 3 6
p a t h  l f NGTM( CM)  9 . 3 ? 9 . 3 2 0 . 3 2
WAVF (MU 
1 FNGTH 
1 . 7 2  5
W A V E ( C M - 1 ) 
NUMBER
5 7 9 7  0 . 0 1 9 0 . 0 2 2 0 29 8
1 . 750 5 71 A 0 . 0 7 1 0 . 0 3 5 0 34 A
1 . 77 5 56 3 A 0 . 1 4 9 0 . 1 8 5 0 A 45
1 . 8 0 0 5556 0 . 3 3 0 0 . 4 11 0 655
1 . 8 2  5 5 4 79 0 . A 6  0 0 . 6 1 0 0 8 36
1 . 850 5 A 0 5 0 . A 7 0 0 . 6 4 4 0 8  78
1 , 8 7 5 5333  0 . A 3 8 0 . 5 9  7 0 858
1 . 9 0 0 5263  0 . A 1 3 0 . 5 6 7 0 8 A3
1 . 9 2 5 5195 0 . 3 5 0 0 . 4 9  3 0 778
1 . 9 5 0 5128  0 . 2 1 A 0 . 2 9 1 0 601
1 . 9 7 5 5063 0 . 0 8 9 0 . 1 1 1 0 401
2 . 0 0 0 5000  0 . 0 3 0 0 . 0 3 5 0 287
2 . 0 2 5 4938  0 . 0 0 2 0 . 0 0 0 0 238
2 . 0 5 0 48 78  0 . 0 0 2 0 . 0 0 6 0 219
2 . 0 7 5 4819 0 . 0 1 7 0 . 0 0 0 ' 0 237
2 . 1 0 0 4762  0 . 0 0 3 0 . 0 1 1 0 214
2 . 1 2 5 4706  0 . 0 0 0 0 . 0 0 0 0 231
2 . 1 5 0 4651 0 . 0 0 2 0 . 0 0 0 0 2 1 1
2 . 1 7 5 4598  0 . 0 0 0 0 . 0 0 0 0 197
2 . 2 0 0 4545 0 . 0 0 0 0 . 0 0 0 0 2 0  2
2 . 2 2 5 4494  0 . 0 0 0 0 . 0 0 0 0 195
2 . 2 5 0 4 4 44  0 . 0 0 5 0 . 0 0 0 0 233
2 . 2 7 5 4396  0 . 0 0 0 0 . 0 0 0 0 197
2 . 3 0 0 4348  0 . 0 0 2 0 . 0 0 0 0 223
2.  325 4301 0 . 0 0 0 0 . 0 0 0 0 262
2 . 3 5 0 4255  0 . 0 0 0 0 . 0 1 9 0 239
2 . 3 7 5 4211 0 . 0 2 3 0 . 0 0 0 0 286
2 . 4 0 0 41 67  0 . 0 0 0 0 . 0 3 9 0 297
2 . 4 2 5 4124 0 . 0 2 4 0 . 0 5 8 0 358
2 . 4 5 0 4082  0 . 0 7 3 0 . 1 3 9 0 451
2 . 4 7 5 4040  0 . 2 5 9 0 . 3 3 5 0 632
2 . 5 0 0 4000  0 . 5 2 4 0 . 6 5 0 0 8 6 8
2 . 5 2 5 3960  0 . 8 1 3 0 . 8 9 9 0 980
2 , 5 5 0 3922  0 . 9 4 8 0 . 9 9 0 0 999
2.  575 3883  0 . 9 9 1 1 . 0 0 0 0 999
2 . 6 0 0 3846 0 . 9 8 1 1 . 0 0 0 0 999
2 . 6 2 5 3810  0 . 9 5 2 0 . 9 9 5 1 0 0 0
2 . 6 5 0 3774  0 . 9 5 7 0 . 9 9 5 1 0 0 0
2 . 6 7 5 37 38  0 . 9 8 7 0 . 9 9 8 1 0 0 0
2 . 7 0 0 37 04  0 . 9 8 0 0 . 9 9 8 1 0 0 0
2 . 7 2 5 3670  0 . 9 8 7 0 . 9 9 8 1 0 0 0
2 . 7 5 0 3636 0 . 9 9 0 0 . 9 9 8 1 0 0 0
2 . 7 7 5 3604  0 . 9 7 9 0 . 9 9 8 1 0 0 0
2 . 8 0 0 3571 0 . 9 3 9 0 . 9 8 7 1 0 0 0
2 . 8 2 5 3540  0 . 8 6 1 0 . 9 7 2 0 999
2 . 8 5 0 3509 0 . 7 6 6 0 . 8 9 8 0 999
2 . 8 7 5 34 78  0 . 6 0 1 0 . 7 5 0 0 98 6
2 . 9 0 0 3448  0 . A 6 6 0 . 6 0 0 0 916
2 . 9 2 5 3419 0 . 3 3 3 0 . 4 5 4 0 817
2 . 9 5 0 3390  0 . 2 5 1 0 . 3 4 6 0 690
2 . 9 7 5 3361 0 . 1 7 7 0 . 2 8 9 0 67A
3 . 0 0 0 3333  0 . 1 6 1 0 . 2 4 0 0 589
3 . 0 2 5 3306  0 . 1 4 5 0 . 2 1 5 0 51 5
3 . 0 5 0 3279 0 . 1 2 7 0 . 1 6 7 0 504
3 . 0 7 5 3252  0 . 0 9 3 0 . 1 3 5 0 444
3 . 1 0 0 3226  0 . 0 7 6 0 . 1 0 6 0 . 4 1 5
288
289
3 . 1 2 5 32 00 0 . 0 3 8 0 . 0 6 8 0 . 581
3 . 1 5 0 3 1 7 5 0 . 0 1 1 0 . 0 5 0 0 . 3 7 5
3 . 1 7 5 31 50 0 . 0 2 8 0 . 0 7 1 0 . 3 9 ?
3 . 2 0 0 31 25 0 . 1 0 8 0 . 1 5 5 0 . 4 5 8
3 . 2 2 5 31 01 0 . 0 2 5 0 . 1 2 3 0 .  383
3 . 2 5 0 3 0 7 7 0 . 0 0 7 0 . 0 5 9 0 . 39 8
3 . 2 7 5 3 0 5 3 0 . 0 7 1 0 . 0 8 2 0 .  409
3 . 3 0 0 3 0 3 0 0 . 0 8 5 0 . 1 0 2 0 . 4 4 4
3 . 3 2 5 3 0 0 8 0 . 0 6 8 0 . 0 7 3 0 . 4 0 0
3 . 3 5 0 2 9 8 5 0 . 0 4 3 0 . 0 7 4 0 . 3 5 1
3 . 3 7 5 2 9 6 3 0 . 0 0 0 0 . 0 6 2 0 . 2 5 2
3 . 4 0 " 2941 0 .  0 0 0 0 . 0 0 0 0 . 3 1 5
3 . 4 2 5 29 2 0 0 . 0 1 6 0 . 0 0 0 0 . 2 4 5
3 . 4 5 0 2 8 9 9 0 . 0 0 0 0 . 0 1 3 0 . 2 5 0
3 . 4 7 5 2 8 7 8 0 . 0 0 0 0 . 0 0 0 0 . 2 8 5
3 .  500 2 8 5 7 O . 0 0 0 0 . 0 0 0 0 .  2 7 3
3 . 5 2 5 28 3  7 0 . 0 0 8 0 . 0 0 5 0 .  269
3 . 5 5 0 281 7 0 . 0 1 8 0 . 0 0 0 0 . 2 8 9
3 . 5 7 5 2 7 9 7 0 . 0 6 4 0 . 0 0 0 0 .  2 0 7
3 . 6 0 0 2 7 7 8 0 . 0 2 9 0 . 0 0 0 0 .  225
3 . 6 2 5 27 59 0 . 0 0 0 0 . 0 0 0 0 . 2 2 8
3 . 6 5 0 2 7 4 0 0 . 0 5 2 0 . 0 0 0 0 .  2 0 ?
3 . 6 7 5 2721 0 . 0 0 0 0 . 0 0 0 0 . 2 2 0
3 . 7 0 0 2 7 0 3 0 . 0 0 0 o. ' ooo 0 . 199
3 . 7 2 5 2 6 8 5 0 . 0 0 0 0 . 0 0 0 0 . 2 4 2
3 . 7 5 0 26 67 0 . 0 0 0 0 . 0 0 0 0 . 1 6 5
3 . 7 7 5 2 6 4 9 0 . 0 3 0 0 . 00 0 0 .  2 9 2
3 . 8 0 0 2 6 3 2 0 . 0 0 0 0 . 0 0 0 0 . 3 1 6
3 . 8 2 5 261 4 0 . 0 0 0 0 . 0 6 5 0 . 3 3 5
3 . 8 5 0 2 5 9 7 0 . 0 0 0 0 . 0 2 9 0 . 1 7 6
3 . 8 7 5 2581 0 . 0 1 8 0 . 0 3 0 0 . 3 3 5
3 . 9 0 0 2 5 6 4 0 . 1 0 9 0 . 0 0 0 0 .  250
3 . 9 2 5 2 5 4 8 0 . 0 5 9 0 . 1 0 5 0 . 2 8 7
3 . 9 5 0 2 5 3 2 0 . 0 4 1 0 . 0 0 0 0 . 2 2 1
3 . 9 7 5 2 5 1 6 0 . 1 0 9 0 . 0 0 0 0 . 3 6 4
4 . 0 0 0 2 5 0 0 0 . 0 4 5 0 . 0 0 0 0 .  2 1 8
I 11 \< K 111. f>t tv 6 1  4
f, A S H2 0 / CO?
1 1- V |» f- u I T' i P F < K ) 7 0 "
! 0 1 . p 1? | »; < . f a f i n 3 4
f; o mi i i h: i ( F 2 0  ) 1 . 0 0 "
[. n m p (i *: k. ( C O ? ) 0 . o 0  "
*-• A I H i F NJ( O H f  c N‘ > 9 . 3 ?
m A M F ( N, 0 ) W A V E ( C M - 1 )
1 F N' Cl T H NUMBER
1 . 7 ? 5  / 5 7 9 7 0 . 0 0 "
1 7  5 0 / 5 7 1 6 0 . 0 0 0
1 . 7 7 5  / 5 6 3 4 0 . 0 4 6
1 . 8 0 0  / 5 5 5 6 0 . 1 3 0
1 . 8 2 5  / 5 4 7 9 0 . 1 9 *
1 8  5 0 / 5 6 0 5 0 . 1 8 4
1 . 8 7 5  / 5 3 <3 0 . 1 5 8
1 . Q 0  0  / 5 ? 6  3 0 . 1 6 1
1 . 9 2 5  / 5 1 9 5 0 . 1 4 5
1 . 0 5 0  / 5 1  ? 8 0 . 0 7 9
1 , 9 7 5  / 5 0 6  3 0 . 0 0 0
? . 0 o o 5 0 0 0 0 . 0 0 "
7 . 0 2 5  / 6 9 3 8 0  . 0 0 "
? . 0 5 O  / 6 8  7 8 0  . 0 0 0
? . 0 7 5  / 6 8 1  9 " . 0 0 0
2 . 1 0  0 / 6 7 6 ? 0 . 0  0 "
2 . 1 2 5  / 6 7 0 6 0 . 0 0 "
2 . 1 5 0  / 6 6 5 1 O . 0 0 0
2 . 1 7 5  / 6 5 9 8 0 . 0 0 0
2 . 2 0 0  / 6 5 4 5 0 . 0 0  "
2 . 2 2 5  / 4 4 9 4 o . o o o
2 . 2 5 0  / 4 4 4 4 0 .  0 0 "
2 . 2 7 5  / 4 3 9 6 0 . 0 0 0
2 . 3 0 0  / 4 3 4 8 0 . 0 0  0
2 . 3 2 5  / 4 3 0 1 0 . 0 0 0
2 . 3 5 0  / 4 2 5 5 0 . 0 0 0
2 . 3 / 5  / 4 2 1 1 0 . 0 0 0
2 . 4 0 0  / 4 1 6 7 0 . 0 0 0
2 . 4 2 5  / 4 1 2 4 0 . 0 0 0
2 , 6 5 0  / 4 0 8 ? 0 . 0 8 7
2 . 6 7 5  / 4 0 4 0 0 . 2 7 6
2 . 5 0 0  / 4 0 0 0 0 . 5 2 ?
2 . 5 2 5  / 3 9 6 0 0 . 7 2 7
2 . 5 5 0  / 3 9 2 2 0 . 8 3 2
2 . 5 7 5  / 3 8 8 3 0 . 8 3 6
2 . 6 0 0  / 3 8 4 6 0 . 7 1 5
2 . 6 2 5  / 3 8 1  0 0 . 6 4 7
2 . 6 5 0  / 3 7 7 4 0 . 7 4 5
2 . 6 7 5  / 3 7 3 8 0 . 8 7 4
2 . 7 0 0  / 3 7 0 4 0 . 8 2 5
2 . 7 2 5  / 3 6 7 0 0 . 8 0 2
2 . 7 5 0  / 3 6 3 6 0 . 8 5 8
2 . 7 7 5  / 3 6 0 4 0 .  8 3 8
2 . 8 0 0  / 3 5 7 1 0 .  7 6 ?
2 . 8 2 5  / 3 5 4 0 0 . 7 1 6
2 . 8 5 0  / 3 5 0 9 0 . 6 1 6
2 . 8 7 5  ( 3 4 7 8 0 . 5 3 8
2 . 9 0 0  / 3 4 4 8 0 . 6 0 2
2 . 9 2 5  / 3 4 1 9 0 . 3 0 2
2 . 9 5 0  / 3  3 9  0 0 . 1 9 1
2 . 9 7 5  / 3 3 6 1 0 . 1 2 0
3 . 0 0 0  / 3 3 3 3 0  . 0 3 5
3 . 0 2 5  / 3 3 0 6 0 . 0 0 0
3 . 0 5 0  / 3 2 7 9 0 . 0 0 0
3 . 0 7 5  / 3 2 5 2 0 . 0 0 0
3 . 1 0 0  / 3 2 2 6 0 . 0 0 0
615 A1 G 617
/CO?  H ? 0 / '  n ?  ‘170/ CO?
70 0 / 0 o 700
4 . 2 6 > 8 . 0
. 8 2 0 0 5 5 3 0 . 4 2 8
. 1 80 0 '• 4 7 0 . 572
9 . 3? 0 . 3 ? 9 . 3 ?
. 0 0 0 0  0 0 0 0 , 0 0 0
. 0 0 3 0 . 0 5 7 0 . 0 4 1
. 1 3 7 0 . 1 8  5 0 .  2 9 6
. 2 4 5 0  . 6 0 7 0 . 4 9  4
. 3 2 6 0 , 5 3 6 0 . 6 3 5
. 3 1 4 0 . 5 6 3 0  . 6 3 9
. 2 8 0 0 . 4 8 7 0 . 6 0 6
. 2 6 6 0 . 5 0 3 0 .  5 9  8
. 2 2 8 0 . 6 7 4 0 . 5 3 1
. 1 2 7 0 . 3 4 0 0 . 4 1 3
. 0 1  5 0 . 1 7 5 0 . 1 9 3
. 0 0 0 0 . " 2 9 0 . 0 3 4
. 0 0 0 0 . 0 0  0 0 . 0 0 0
. 0 0 0 0 . " 0 " 0 . 0 0 0
. 0 0 0 0 , 0 0 " 0 . 0 0 0
. 0 0 0 0 . " 0  0 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
. 0 0 0 0  " " 0 0 . 0 0 0
. 0 0 0 0 . 0  " o 0 . 0 0 0
. 0 0 0 0  . 0 0 o 0 . 0 0 0
. 0 0 0 0 , 0 0  0 0 . 0 0 0
. 0 0 0 0 . 0 0 " 0 . 0 0 0
. 0 0 0 0 . 0 0  " 0 . 0 0 0
. 0 0 0 0 . 0 0 0 0 . 0 0 0
, 0 0 0 0 . 0 0  0 0 . 0 0 0
. 0 0 0 0 .  0 0 0 0 . 0 0 0
. 0 0 0 0 . 0 0  0 0 . 0 0 0
. 0 0 0 0 . 0 0 8 0 . 0 2 5
. 0 0 0 0 . 0 9  0 0 . 0 5 2
. 1 0 0 0 .  2 8 5 0 . 3 3 3
. 3 4 3 0 . 5 7 3 0 . 6 2 6
. 6 2 2 0  . 8 6 4 0 . 8 6 1
. 8 4 1 0 . 9 8 1 0 . 9 8 3
. 9 4 ? 1 . 0  0 0 1 . 0 0 0
. 9 6 6 1 . 0 0 0 1 . 0 0 0
. 8 7 8 0 „  9 9  4 1 . 0 0 0
. 7 9  8 0 . 9 3 5 1 . 0 0 0
. 8 7 1 1 . 0 0 0 0 . 9 7 0
. 9 6 3 1 . 0 0 0 1 . 0 0 0
. 9 5 1 1 , 0 0 0 1 . 0 0 0
. 9 4 1 1 . 0 0 0 1 . 0 0 0
. 9 5 4 1 . 0  0  0 1 . 0 0 0
. 9 6 0 1 . 0 0 0 1 . 0 0 0
. 9 2 0 1 . " 0 " 1 . 0 0 0
. 8 6 7 1 . 0 0 0 0 . 9 8 8
. 7 5 4 0  . 9 8 0 0 . 9 8 9
. 6 4 6 0 . 9 2 6 0 . 9 8 0
. 5 1  5 0 . 8 2 5 0  . 8 9 8
. 3 5 8 0 . 7 1 4 0 . 7 9 3
. 2 4 1 0 .  5 9 4 0 . 6 6 9
. 1 5 3 0  . 6 3 6 0 . 5 4 7
. 0 1 9 0 . 3 3 2 0 . 4 1 6
. 0 3 0 0  . 2 3 8 0 . 3 2 7
. 0 0 0 0 . 1 8 6 0  i 2 7 7
. 0 0 0 0 . 1 2 8 0 . 2 2 9
. 0 0 0 0 . 1 1 9 0 . 1 5 8
H?n
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
o
0
0
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
. 0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
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V  1 28 3 7 0 0 0 . 0 0 0
3 . 1 5 0 3 1 7 5 0 . 000'
3 , 1 7 5 3 1 5 0 0 . 0 0 0
3 . 2 0 0 3 1 2 5 0 . 0 0 0
3 . 225 3101 0 . 0 0 0
3 . 2 5 0 30 77 0 . 0 0 o
3 . 2 7 8 30 8 3 0 . 0 0 0
3 . 3 0  0 3 0 3 0 0 . 0 0  0
3 . 3 2 5 3 0 0 8 0.  000
V  3 5 0 2 9 8 5 0 . 0 0 0
3 . 3 7 5 29 6 3 0 .  0 0 0
3 . 4 0  0 2941 0 . ooo
3 . 4 2 5 2 9 2 0 0 . 0 0 0
3 . 4 5 0 2 89 9 0 . 0 0 0
3 . 4 7 5 28 78 0 . 0 0 0
3 . 5 00 2 8 5 7 0 .  ooo
3 . 5 2 5 2 8 3 7 0 . 0 0 0
3 . 5 5 0 281 7 0 .0 0 0
3 . 575 2 7 9 7 0 .0 0 0
3 . 6 0 0 2 7 7 8 0 . 0 0 0
3 . 625 2 7 5 9 0 . o o o
3 . 6 5 0 2 7 4 0 0 . 0 00
3.  6 7 5 2 7 2 1 0 . 0 0 0
3 . 7 0 0 2 7 0 3 0 . 000
3 . 7 2 5 2 6 8 5 0 . 0 0 0
3 . 7 50 2 6 6 7 0 . 0 0 0
3 . 7 7  5 2 6 4 9 0 . 0 0 0
3 . 8 0 0 2 6 3 2 0 .0 0 0
3 . 8 2 5 261 6 o . o o o
3 . 8 5 0 2 5 9 7 0 . 0 0 0
3 . 8 7 5 25 8 1 0 . 0 0 0
3 . 9 0 0 2 5 6 4 0 . 0 0 0
3 . 9 2 5 2 5 4 8 0 . 0 0 0
3 . 9 5 0 2 5 3 2 0 .0 0 0
3 . 9 7 5 2 5 1 6 0 . 0 0 0
4 . 0 0 0 2 5 0 0 0 . 0 0 0
0 . 0 0 0 0 . 0 4 6 0 . 0 8 3
0 . 0 0 0 0 . n 11 0 . 0 9 5
0 . 0 0 0 0 . 0 6 0 0 . 1 0 5
0 . 0 0 0 0 . u 8.3 0 . 1 5 6
0.  000 0 .. 0 7 4 0 . 0 0 0
0 . 00 0 0 . 0 0 3 0 . 0 0 0
0 . 0 0 0 0 . 09 7 0 . 0 3 8
0 . 00 0 0 .  (‘93 0 . 0  29
0.  000 0 . 0 0 0 0 . 0 6 8
0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
0 . 0 0 0 0 , 0 0 o 0 . 0 0 0
0 . 0 0  0 0 . 0 0 r‘ 0 . 0 0 0
0 . 0 0 0 0 , 0 0 0 0 , 0 0 0
0 .. ooo o . ooo 0 . 0 0 0
0 . 0 0 0 0 . 0 o 0 0 . 0 0 0
0 .  0 0 0 0 . 0 0 0 0 .  0 0 0
0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
0 . 0 0 0 0 . 0 0  0 0 . 0 0 0
0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
0 . 0 0 0 0 . 0 0  0 ^ 0 . 0 0 0
0 .  0 0 0 0 , 0  0 0 0 . 0 0 0
0 . 0 0 0 0 , 0 0 0 0 . 0 0 0
0 . 0 0 0 0 . 0 0  o 0 . 0 0 0
0 . 0 0 0 0 . 0 0 0 o. ooo
0 . 0 0 0 0 , 0 0 0 0 . 0 0 0
0 . 0 0 0 0 . 0 0  0 0 .  0 0 0
0.  000 0 .  0 0 0 0 . 0 0 0
0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
0 , 0 0 0 0., ooo 0 . 0 0 0
0 .  00 0 0 . 0 0 0 0 . 0 0 0
0 . 0 0 0 0 , 0 0 0 0 . 0 0 0
0.  ooo 0 .  0 0 0 0 .  0 0 0
0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
0 . 0 0 0 0 . 0 0  0 0 . 0 0 0
0 . 0 0 0 0 , 0 0 0 0 . 0 0 0
.-UN) NIK I R 61 6
I. l\ «. H 2 () / ( 0 ?
I r iw | > f I- A * 11? F < v ) 7 0 0
MM , I> l 8 . ( A I M ) 2 9
( r-w. i " p  f H ?()  ) 1 . 0 0  9
f (  I V p t'\ «•' P r o ? ) 0 . 0 0 0
P A 1 H I f G T H < C M ) 9 . 3 2
WAVF ( Ml; V  A V F ( C M - 1 )
1 F M G ! H NUMBER
1 . 7 7 5 5797 0 . 0 0 0
1 . 7 5 0 571 A 0 . 0 0 0
1 . 7 75 563A 0 . 0 89
1 . 8 0  0 5556 0 . 1 69
1 . 825 5 A 79 0 . 2 2 2
1 . A *> ft 5 A 05 0 . 2 1  2
1 . 87 5 5333 0 . 1 7 1
1 . 90 0 5 26 3 0 . 1 7 1
1 . 9 2 5 5195 0 . 1 38
1 . 9 5 0 51 28 0 , 0 6 5
1 .9 75 5063 0 . 0 0 0
2 . 0 0 0 5000 0 . OOo
2 . 025 49 3 8 0 . OOO
2 . 0 5 0 4878 0 . 0 0 0
2 . 075 A 81 9 0 . 0 0 0
2 . 1 0 0 A 7 6 2 0 . 0 0 0
2 . 1 2 5 A 706 0 . 0 0 0
2 . 1 5 0 A651 0 . 0 0 0
2 . 1 75 A 59 8 0 , 0 0 0
2 . 2 0 0 A 5 A 5 0 . ooo
2 . 2 2 5 A A9 A 0 . 0 0 0
2 . 2 5 0 A A A A 0 . 0 0 0
2 . 2 7 5 A 39 6 o . 0 0 0
2 . 3 0 0 A 3 A8 0 . 0 0 0
2.  325 A 3 01 0 . 0 0  0
2 . 3 5 0 A 2 5 5 o . o o o
2 . 375 4211 0.  OOO
2 . 400 A1 67 0 . 0 0 0
? . A 2 5 41 24 0 . 0 0 0
?  . A50 4082 0 . 0 4 ?
2 . 475 A 0 40 0 . 231
2 . 5 0 0 4000 0 . 489
2 . 5 2 5 3960 0 , 7 0 7
2 . 550 3922 0 , 8 2 ?
2 . 575 3883 0 . 8 A 8
2 . 600 38 A 6 0.  736
2 . 6 2 5 381 0 0 . 6 5 3
2 . 6 5 0 377 A 0 .  766
2 . 675 3 7 38 0 . 883
2 . 7 0 0 370 A 0 . 8 2 9
2 . 7 2 5 3670 0 . 8 1 6
2 . 7 5 0 3636 0 . 8 5 5
2.  775 360 A 0 . 8 1 8
2 . 800 3571 0 . 7 5 5
2 . 8 2 5 35 AO 0 . 680
2 . 850 3509 0.  57«
2 . 8 7 5 3 478 0 . ^ 8 5
2 . 90 0 3 A A 8 0 . 3A3
2 . 9 2 5 3419 0 . 1 7 0
2 . 9 5 0 3390 0 .1 3 A
2 . 9 7 5 3361 0 . 0 5 0
3 . n o n 3333 0 . 0 0 0
3 . 025 3306 0 . 0 0 0
3 . 0 5 0 3279 0 . 0 0 0
3.  075 3252 0 . 0 0 0
3.  1 00 3226 0 . 0 0 0
619 /, ,> ft 6 21
/ CO? H?(J/  ( n? u r n i c o ?
70 0 7 Oft 7 0 0
3 . 8 5 S 7 . 2
. 7 5  5 0 6 7 0 0 . A ft 1
. 123 0 2 3 7 0 . 3 0 0
9 . 3 ? 9  . 3? 9  . 32
.  0 0 0 0 . 0 0 f t 0 . 0 0 0
.  o o o 0 . 0 0 5 0 ; o o o
.  0 0 0 0 . 1 9 7 0 . 0 0 0
, 0 0 0 0 . 3 5 7 0 . 2 8 ?
.  0 6 5 0 . 4 5 6 0 . 4 6 6
.  0 8 2 0 . 4 6 8 0. .  4 9  A
. 0 A 7 0 1 9 9 0 . 4 6 5
. 0 4 8 0 4 1 5 0 ,.  A 2 7
. 0 1 0 0 . 1 6  0 0 .  3 6 9
.  0 0 0 0 . 2 0 7 0, . 2 0 1
. 0 0 0 0 . 0 4 3 0 ,. 0 0 0
.  0 0 0 0 .. 0 0 0 0 , .  0 0 0
. 0 0 0 0 , . 0 0 0 0 ,. 0 0 0
. 0 0 0 0 ,. 0 0 o 0 , . 0 0 0
. 0 0 0 0. 0 0 f t 0 , . 0 0 0
. 0 0 0 0 ft ft o 0 , . 0 0 0
. 0 0 0 0 0 0 0 0 . . 0 0 0
. 0 0 0 0 .. f t  f t  ft' 0 , , 0 0 0
.  o o o 0 Oft 0 , . 0 0 0
. 0 0 0 0 0 ft i ■ 0 ,. 0 0 0
. 0 0 0 0 o ft o 0 . . 0 0 0
. . 0 0 0 0 . ft 0 0 0 ,. 0 0 0
, 0 0 0 0 . ft ft ft 0 . . 0 0 0
. 0 0 0 0 OOO 0 . . 0 0 0
. 0 0 0 0 .. ft 0 0 0 . . 0 0 0
. 0 0 0 0 ft ft ft 0 .. 0 0 0
. 0 0 0 0 . ft Aft 0 . . 0 0 0
. 0 0 0 0 , ft ft 0 0 .. 0 0 0
. 0 0 0 0 . ft 0 ft 0 .. 0 0 0
. 0 0 0 0 . 1 7 ? 0 . . 0 7 0
. 1 A 3 0 . 4 6 4 0 .. 4 8 7
. 5 A 9 0 . 7 5 6 0 . . 8 3 1
. 8 1 5 0 . 9 5 6 0 . . 9 7 6
. 9 3 ? 1 . 0 0 0 1 . , 0 0 0
. 9 6 8 1 . o o o 0 .. 9 9  4
. 8 3 2 0 . 9 9  X 0 . . 9 9 5
. 8 0 9 0 . . 9 7 9 0 . . 9 9 9
. 8 8 3 0 . . 9 8 4 1 .. 0 0 0
. 9 6 5 1 ., 0 0 0 0 . . 9 9 4
. 9 4 7 1 . , o o o 0 .. 9 9 6
. 9 4 2 1 . 0 0 0 0 . . 9 9 5
. 9 6 6 1 , 0 0 0 0 . . 9 9 5
. 9 5 7 1 . o o o 0 . , 9 9 6
. 9 1 6 1 . 0 0 0 0 . . 9 8 1
. 8 6 ? 0 . 9 9 ? 0 . . 9 9 6
. 7 7 7 0 . 9 4 8 0 . , 9 9 7
. 6 4 4 0 . 8 4 5 0 . , 9 7 4
. 4 9 9 0 . 7 0 7 0 . , 8 9 1
.  3 6 9 0 . 5 4  3 0 ., 7 6 4
. 2 3 8 0 . .38 5 0 . , 6 1 0
. 1 2 8 0 . 2 7  A 0 . , 5 0 1
. 0 9 ? 0 . 1 5 9 0 . , 3 6 4
. 0 2 5 0 . 11  A 0 . , 3 0 5
. 0 0 0 0 . 0 5 9 0 ., 1 7 3
. 0 0 0 0 . 0 0 0 0 ., 1 0 6
. 0 0 0 0 . 0 0 0 0 ., 0 0 6
?['
0
0
0
0
0
0
0
o
0
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
o
0
0
0
0
0
0
0
0
0
0
o
0
0
o
0
0
0
0
0
0
9
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3 . 1 ?  S 3 ? 0 0 0 . 0 0  0 0 . 0 0 0 0 . 0 0  0 0 . ft 3 o
7» . 1 5 n 3178 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0  . ooo
3 . 1 7 5 31 80 O.OOO 0 . 0 0 0 0 0 0 0 0 . 0 4  4
3 . 200 31 25 0 . 0 0  0 0 . 0 0 0 0 . 0 0 o 0 . 0 2 0
3 . 228 31 01 o . o o  0 0 . 0 0 0 0 . 0 0 ft 0 . 0 0 0
3 . 2 5 0 3077 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
3 . 2 7 5 30 5 3 0 . OOO 0 . 0 0 0 0 . 0 0  0 0 . 0 0 0
3 . 3 0 0 30 30 0 . 0 0  0 0 . 0 0 0 0 0 0 0 0 . 0 0 0
3 . 3 2 5 3 0 08 0 . 0 0 0 O . 0 0 0 0 . n a ft 0 . 0 0 0
3 3 50 2985 o . ooo 0 . 0 0 0 0 . 0 0 ft 0 . 0 0 0
. 3 7 5 29 6 3 0 . 0 0 0 0 . 0 0 0 0 0 0 0 0 . 0 0 0
7> . 4 0 0 29 4 1 0 . 0 0 0 0 . 0 0 0 0 0 ft ft 0 . 0 0 0
3 , 4 2 8 2920 0 . 0 0 0 0 , 0 0 0 0 . 0 0 ft 0 . 0 0 0
3 . 4 5 0 2 89 9 0 . 0 0 0 0 . 0 0 0 0 0 0 ft 0 . 0 0 0
3 . 4 7 8 2878 0 . 0 0 0  . 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
3 . 5 0 0 2857 O.OOfi 0 . 0 0 0 0 , 0 0 0 0 . 0 0 0
3 . 8 2 8 2837 0 . 0 0 0 0 . ooo 0 . 0 0 0 0 . 0 0 0
3 . 550 281 7 0 . 000 0 . 0 0 0 0 , 0 0 0 0 . 0 0 0
3 . 575 2 79 7 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 .0 0 0
3 . 600 2778 0 . 0 0 0 0 ,0 0 0 0 . 0 0  0 0 . 0 0 0
3 . 6 ? 5 2759 0 . 0 0  0 0 .0 0 0 0 , 0 0  0 0 . 0 0 0
3 . 6 5 0 27 40 0 . 0 0 0 0 . 0 0 0 0 . 0 0  ft 0 . 0 0 0
3 . 675 2721 0 .. ooo 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
3 . 7 0  0 27  03 0 .0 0 0 0 . 0 0 0 0 . r' o 0 0 . 0 0 0
3 . 7 2 5 2685 0 . 0 0 0 0 .0 0 0 0 . 0 0  ft 0 . 0 0 0
3 . 7  50 2667 0 . 0 0 0 0 . 0 0 0 0 , ft 0 0 0 . 0 0 0
3 . 775 2649 0 . 0 0 0 0 . 0 0 0 0 . Oft ft 0 . 0 0 0
3 . 8 0 0 26 3 2 0 . 0 0 0 0 . 0 0 0 0 . V 0  0 0 . 0 0 0
3 . 8 2 5 261 4 0 . 0 0 0 0 . 0 0 0 0 . 0 0  0 0 . c o o
3 . 8 5 0 2597 0 . 0 0 0 0 . 0 0 0 0 . 0 0  0 0 . 0 0 0
3.  875 2581 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
3 . 9 0 0 2564 0 . 0 0 0 0 . 0 0 0 0 . 0 0  o 0 . 0 0 0
3 , 9 2 5 2548 0 . 0 0 0 0 . 0 0 0 0 . 000 0 . 0 0 0
3 . 9 5 0 2532 0 .0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
3 . 9 7 5 2516 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0
4 . 000 2500 0 . 0 0 0 0 . 0 0 0 0 , 0 0 0 0 . 0 0 0
i ' IN M U R  f- R f ? , > 6 2  5 h A i\ 6 2 5
G r\ ^ H 2 n  / ( ' o ? H 2 (* /  C n  ? H 2 0 / (  »•? H ?  0  /  C ft 2
1 f M 1 > f- U (' • JRF ( l< ) 9  0  0 9  0 0 V 0 0 9  0 ()
M > T . P R 1 . ( A I M ) 3 . 0 3 . 7 5 . S 6  . 6
C O MP O S N H ?  0  ) 1 . o o o 0 . 8 5  4 () . 6 ( i  7, 0 . 4 8 ?
C O MP O S N C 0  2 ) 0 . 0 0 f t 0 . 0 7 3 0  . 1 9 9 0 . 2 5 9
P A T H  » F N G T H ( C M ) 9  . 3 ? 9 . 3 2 9 - 3 ? 9 . 3 2
i-f A V F ( Ml* W A V F ( C M - 1 )
1 F M G T H N 1 > M R F R
1 . 7 7 8 5 7 9 7 0 . 0 7 9 0 . 1 1 5 0 1 5 1 0 . 2 7 9
1 . 7 5 n 5 7 1 4 0 1 2 1 0 . 1 7 3 0 . 2 7 0 0 . 3  7 7
1 . 7 7 5 5 6 3 4 0 . 2 1 9 0 . 2 7 4 0 . 3 9  5 0 . 4 9 8
1 . 8 0  0 5 5 5 6 0 . 2 9  3 0  . 3 6 5 0 4 8 4 0 .  5 7 6
1 . 8 2 8 5 4 7 9 0 . 3 4 3 0 . 4 1 7 0  , 5 3 7 0 . 6 6 0
1 . 8 5 ( ‘ 5 4 0 5 0 . 3 3 1 0 . 4 1  3 0 . 5 5 0 0 . 6 5 7
1 . 8 7 5 5 3 3 3 0 . 3 0 1 0 .  3 7 3 0 5 0 2 0 . 6 3 3
1 . 9 0 ^ 5 2 6 3 0 : 3 1 0 0 . 3 7 2 0 . 4 9 9 0 . 6 2 9
1 . 9 2 5 5 1 9 5 0 . 3 0 5 0 . 3 7 8 0 4 9 9 0 . 6 0 3
1 . 9 5 0 5 1  2 8 ft . 2 5 ? 0 . 3 3 3 0 4 5 0 0  . 5 8 6
1 . 9 7 5 5 0 6 3 0 . 2 0 8 0 .  2 4 7 0 . 3 5 1 0 . 4 7 9
2 . 0 0 0 5 0  0  0 f t . 1 4 4 0 . 1 7 9 0 . 2 7 ? 0 . 3 8 8
2 . 0 2 5 4 9 3 8 0 . 1 1 8 0 . 1 3 2 0 . 2 0 6 0 . 2 9 4
2 . 0 5 0 4 8 7 8 0 . 0 9 1 0 , 1 0 1 0 . 1 9 6 0 . 2 6 7
2 . 0 7 5 4 8 1 9 0 . 0 9 9 0 . 1 0 1 0 1 5 9 0 . 2 3 4
2 . 1 0 0 4 7 6 ? 0 . 0 9 6 0 . 1 1 3 0 1 4 7 0 . 2 5 3
2 . 1 2 5 4 7 0 6 0 . 0 9  7 0 . 1 0  0 0 1 4  4 0 . 2 5 9
2 . 1 5 0 4 6 5 1 0 . 0 9 6 0 . 0 9 8 0 . 1 7  n 0 . 2 4 4
2 . 1 7 5 4 5 9  8 0 . 1 0 1 0 , 1 1 9 0 . 1 6 * * 0 . 2 5 0
2 . 2 0 0 4 5 4 5 0 . 1 0 7 0 .  1 0 1 0 . 1 6 7 0 . 2 4 ?
2 . 2 2 5 4 4 9 4 0 . 1 1 0 0 .  1 0 9 0  . 1 7 4 0 . 2  6 6
2 . 2 5 0 4 4 4 4 0 .  0 9 8 0 . 1 1 1 0  1 7 8 0 . 2 5 1
2 . 2 7 5 4 3 9  6 0 . 1 0 7 0 . 1 2 3 0 .  1 8 1 0 . 2 7 7
2 . 3 0 0 4 3 4 8 0 . 1 2 0 0 . 1 2 8 0 . 1  8 7 0 . 2 7 0
2 .  3 2 5 4 3 0 1 0 . 1 2 3 0 . 1 3 8 0 . 1 8 9 0 .  2 8 7
2 , 3 5 0 4 2 5 5 0 . 1 3 9 0 . 1 4 5 0 . 2 2 5 0 . 3 0 - 5
2 . 3 7 5 4 2 1 1 0 . 1 5 6 0 . 1 6 5 0 . 2 3 4 0 . 3 0 4
2 . 4 0 0 4 1 6 7 0 . 1 7 1 0 , 1 8 5 0  . 2 6 ? 0 . 3 4 3
2 . 4 2 5 4 1 2 4 0 . 2 2 ? 0 . 2 7 5 0 . 3 2 1 0 . 4 3 6
2 . 4 5 0 4 0 8 ? 0  . 3 6  3 0 . 4 1 8 0 . 5 1 8 0 . 6 1 0
2 . 4 7  5 4 0 4 0 0  . 5 3 9 0 . 6 2 7 0  7 3 8 0 . 7 9 5
2 . 5 0 0 4 0 0 0 0 . 7 1 8 0 . 7 8 6 0 . 8 8 5 0 . 9 3 ?
2 . 5 2 5 3 9  6 0 0 . 8 2 9 0 . 9 0 7 0 . 9 7 5 0 . 9 9 3
2 . 5 5 0 3 9 2 2 0 . 8 9 0 0 . 9 5 8 0 9 6  5 1 , 0 0 0
2 .  5 7 5 3 8 8 3 0  . 8 8 0 0 / 9  4 9 0 , 9 9 5 0 . 9 9 5
2 . 6 0 0 3 8 4 6 0  . 7 9 3 0 . 8 7 9 0 , 9 5 5 0 . 9 9 1
2 . 6 2 5 3 8 1 0 0 . 7 4 7 0 . 8 0 0 0 . 9 3 5 0 . 6 2 2
2 . 6 5 0 3 7 7 4 0 . 8 2 ? 0 . 8 9 6 0 . 9 6 7 0 . 9 9 0
2 . 6 7 5 3 7  3 8 0 . 9 2 3 0 . 9 7 8 0 . 9 9 8 1 . 0 0 0
2 . 7 0 0 3 7 0 4 0 . 9 1 4 0 . 9 5 5 0 . 9 9 8 1 . 0 0 0
2 . 7 2 5 3 6 7 0 0  . 8 7 7 0 . 9 4 2 0  . 9 9 8 1 . 0 0 0
? .  7 5 0 3 6 3 6 0  . 8 9 8 0 . 9 4 1 0 . 9 9 4 1 . 0 0 0
2 . 7 7 5 3 6 0 4 0 . 9 1 0 0 . 9 5 6 1 . o o o 1 . 0 0 0
? . 8 0 0 3 5 7 1 0 . 8 8 2 0 . 9 4 7 0 , 9 9  8 1 . 0 0 0
2 . 8 2 5 3 5 4 0 0 . 8 5 4 0 . 9 2  7 0 . 9 9 4 1 . 0 0 0
2 . 8 5 0 3 5 0 9 0 . 8 2 3 0 . 8 9 3 0 . 9 7 3 1 . 0 0 0
2 . 8 7 5 3 4 7 8 0 . 7 7 1 0 . 8 5 4 0 . 9 5 9 0 . 9 8 9
2 . 9 0 0 3 4 4 8 0 . 6 7 9 0 . 7 6 5 0 . 8 9 7 0 . 9 7 3
2 . 9 2 5 3 4 1 9 0 . 6 0 2 0 . 7 0 5 0 . 8 4 1 0 . 9 2 3
2 . 9 5 0 3 3 9 0 0 . 5 5 3 0 . 6 5 1 0 . 7 7 3 0  . 8 7 9
2 . 9 7 5 3 3 6 1 0 .  4 8 7 0 . 5 5 6 0 . 6 7 5 0 . 7 9 9
3 . 0 0 0 3 3 3 3 0 . 4 2 2 0 . 4 7 7 0 .  5 9 6 0 . 6 9 9
3 . 0 2 5 3 3 0 6 0 . 3 7 3 0 . 4 1 1 0 .  5 5 9 0 . 6 4 9
3 . 0 5 0 3 2 7 9 0 . 3 4 3 0 . 4 1 1 0 . 5 0 5 0 . 5 9 5
3 . 0 7 5 3 2 5 2 0 . 3 0 3 0 . 3 3 2 0 . 4 4 6 0 . 5 5 0
3  . 1  0 0 3 2 2 6 0 . 2 7 7 0 . 3 2 7 0 4 0  7 0 . 5 1 7
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3 . 1 2 5 3 2 0 0 o .
* 1 5 0 3 1 7 5 0 .
3 . 1 7 5 3 1 5 0 0 .
3 . 2 0  0 3 1  2 5 0  .
3 . 2 2 5 3 1 0 1 0 .
3 . 2 5 0 3 0 7 7 0 .
3 . 2 7 5 3 0  5 3 0 .
3 . 3 0 0 3 0 3 0 0 .
3  3 2 5 . 3 0 0 8 0 .
3 . 3 5 0 2 9  8  5 0 .
3 . 3 7 5 2 9 6 ? 0 .
3 . 4 0  0 2 9 6 1 0 .
3 . 4 2 5 2 9  2 0 0 .
3 . 4 5 0 2 8 ^ 9 0 .
3 . 4 7 5 2 8 7 8 0 .
3 , 5 0 0 2 8 5 7 0 .
3 . 5 2 5 2 8 3 7 0 ,
3 . 5 5 0 2 8 1 7 0 ,
3 . 5 7 5 2 7 9 7 0 .
3 , 6 0 0 2 7 7 8 0 .
3 , 6 2 5 27 59 0 .
3 . 6 5 0 2 7 4 0 0 .
3 . 6 7 5 2 7 2 1 0 .
3 . 7 0 0 2 7 0 3 0 .
3 . 7 2 5 2 6 8 5 0 .
3 . 7 5 0 2 6 6 7 0 .
3 . 77 5 2 6 4 9 0.
3 .  8 0 0 2 6 3 2 0 .
3 . 8 2 5 2 6 1 4 0.
3 . 8 5 0 2 5 9 7 0.
3 . 8 7 5 2 5 8 1 0;
3 . 9 0 0 2 5 6 4 0 .
3 . 9 2 5 2 5 4 8 0 .
3 . 9 5 0 2 5 32 0.
3 . 9 7 5 2 5 1 6 0..
4 . 00 0 2 5 0 0 0.
0 ., 2 8 7 0 . 39 2 0 . 5 0 7
0 ,. 264 0 . 3 5 2 0 . 4 52
0 ,. 2 8 5 0 ., 3 29 0 ,. 4 6 7
0 ,. 2 70 0 .. 3 5 7 0 ,. 4 90
0 ,. 2 7 6 0 , 3 4  5 0 .. 445
0 . 26 3 0 . 3 3 8 0 ,. 4 3 5
0 . 2 7 0 0 . 361 0 .. 45 6
0 .. 2 8 7 0 . 39 5 0 .. 499
0 ,. 24 4 0 , 3 69 0 .. 494
0 .. 2 37 0 ., 3 6 ? 0 .,4 65
0 .. 2 5 6 0 .. 3 2 7 0 .. 4 27
0 .. 2 2 7 0 5 ^ 0 0 .. 422
0 .. 22  3 0 ., 3 3 3 0 .. 4 5 2
0 .. 1 9 4 0 .. 2 38 0 .. 4 2 5
0 .. 2 0 9 0 2 8 ? 0 .. 4 0 3
0 .. 2 1 3 0 ,, 3 3 3 0 .. 4 5 4
0 .. 1 59 0 .. 2 8 5 0 .. 4 0 9
0 ., 2 0 9 0 .. 3 10 0 .. 3 6 7
0 ,. 2 0 5 0 ,, 2 6 6 0 .. 331
0 ,. 1 8 7 0 ,, 2 2 6 0 .. 4 2 6
0 .. 19 0 0 .. 2 6 7 • 0 .. 4 2 4
0 .. 2 0 9 0 .. 2 7  2 0 ., 3 9 7
0 .. 2 3 4 0 .. 2 7 1 0 .. 3 3 7
0 .. 1 39 0 ., 31 ? 0 .. 4 8 8
0 .. 2 1 6 0 ,, 2 5 6 0 ., 3 60
0 ,, 19 4 0 . 31 4 0 ., 377
0 .. 1 8 5 0 3 0 0 0 .. 371
0 .. 1 7 8 0 ,, 3 1 8 0 ., 5 1 0
0 .. 1 9 0 0 ., 2 5 7 0 ., 4 1 3
0 .. 2 6 6 0 . 3 4 9 0 ., 4 1 5
0 ,, 2 4 3 0 ., 2 6 5 0 .. 3 4 0
0 ., 2 2 8 0 . 31 5 0 ., 4 3 9
0 ,. 2 8 4 0 .. 36.3 0 ., 4 4 8
0 ., 1 6 5 . 0 . 2 7 7 0 ., 596
0 ,. 1 95 0 . 1 5 9 0 .. 5 6 0
0 ., 1 9 5 0 „ 3 2 0 0 . 4 6 7
2 57
2 4?
26 5
258
23 /
23 7
24 8
2 29
2 3 8
238
2 3 0
231
2 3 7
210
194
1 89
2 3 2
1 8 3
2 0 8
23 5
23 9
209
259
2 2 7
20  2
2 1 6
21 5
1 8 7
2 1 6
2 6 4
20 6
2 2 4
1 8 6
1 84
20 8
17 8
Ix 11 M  P  11 * ' R l R  6 2 6 6  ? 7 f t ?  8
G A P H ? o / r o ? H ? n / C O ? I* 2 0  / CM, '
1 I'M PI -■» A MI R f- ( Y ) ft 0 ft 9  0 0 «> 01)
W I T .  i»i»f P P .  ( A I M )  3 5 5 . 2 (  ft
r . OMI>f)c T H 2 0 )  1 0  0 0 0 7 1 8 0 5 3 0
COM POP N C O ? )  0 . o 0 o 0 . 2 8 ? 0 , 4 7 ft
P AT H 1 *- N G 7 H ( c  M) 9 . 3 ? 9 .  3 2 o . 3 2
I*' A \/ F ( M l 1 
1 F N G T H 
1 . 77 . 5
W A V F ( C M -  1 )
NOMRF  R
5 7 0 7  0 . 0 4 5 0 . 1  0 9 0 1 7 5
1 ?  5 0 5 7 1 4  0 . 0 8 5 0 . 1 9 1 0 2 3 3
1 . 7 7 5 5 6 3 4  0 . 2 2 1 0 . 3 0 7 0 3 9 6
1 . 8 0 0 5 5 5 6  0 . 3 0 8 0 . 4 3  3 0 5 0 ?
1 . 8 2 5 5 4 7 9  0 . 3 5 8 0 . 4 7 7 0 5 6  7
1 . 8 5 0 5 4 0 5  0 . 3 5 ? 0 . 4 8 1 0 5 8 8
1 . 8 7 5 5 3 3 3  0 . 3 1 3 0 , 4 4 ? 0 5 A 0
1 . 9  0 0 5 2 6 3  0 . 3 1 1 0 . 4 5 6 0 5 4 ?
1 . 9 2 5 5 1 9 5  0 . 3 1 ? 0 . 4 4 5 0 5 3 8
1 . 9 5 0 5 1 2 8  0 . 2 5 1 0 . 3 8 1 0 4 7 3
1 . 9 7 5 5 0 6 3  0 . 1 8 1 0 . 2 8 0 0 L 0  7
2 . 0 0 0 5 0 0 0  0 . 0 9 9 0 . 1 9 8 0 ? 8 6
2 . 0 2 5 4 9 3 8  0 . 0 6 5 0  . 1  4 9 0 1 9 1
2 . 0 5 0 4 8 7 8  0 . 0 4 4 0 . 1 2 ? 0 1 6  4
2 . 0 7 5 4 8 1 9  0 . 0 6 1 0 .  1 0 6 0 1 6 f t
2 . 1 0 0 4 7 6 ?  0 . 0 5 ? 0 . 1 0 0 0 7 2 6
2 . 1 2 5 4 7 0 6  0 . 0 5 1 0 . 1 0 7 0 7 3 7
2 . 1 5 0 4 6 5 1  0 . 0 5 2 0 . 1 0 6 0 1 3 «
2 . 1 7 5 4 5 9 8  0 . 0 5 7 0 . 1 0 ? 0 1 5 6
2 . 2 0 0 4 5 4 5  0 . 0 4 9 0 . 1 0 ? 0 1 5 7
2 . 2 2 5 4 4 9 4  0 . 0 6 1 0 .  1 0 6 0 1 51
2 . 2 5 0 4 4 4 4  0 . 0 5 6 0 ,  1 2 6 0 7 6 3
2 . 2 7 5 4 3 9 6  0 . 0 7 1 0 . 1 3 5 0 7 8 9
2 .  3 0 0 4 3 4 8  0 . 0 7 ? 0 . 1  2 8 0 1 7 5
2 . 3 2 5 4 3 0 1  0  . 0 9 . 3 0 . 1 1 8 0 7 6 5
2 . 3 5 0 4 2 5 5  0 . 1 0 0 0 . 1  4 8 0 7 8 7
2 . 3 7 5 4 2 1 1  0 . 1 1 3 0 . 1 6 8 0 2 7 8
2 . 4 0 0 4 1 6 7  0 . 1 3 1 0 . 2 0 4 0 2 5 3
2 . 4 2 5 4 1 2 4  0 . 2 0 5 0  . 2 8 5 0 3 7  9
2 . 4 5 0 4 0 8 ?  0 . 3 6 0 0 . 4 8 0 0 5 2 7
2 .  4 7 5 4 0 4 0  0 . 5 9 3 0 . 6 7 ? 0 7 3 9
2 . 5 0 0 4 0 0 0  0 . 7 6 4 0 . 8 5 0 0 9 1  3
2 . 5 2 5 3 9 6 0  0 . 8 8 6 0 . 9 6 4 0 9 9  0
2 .  5 5 0 3 9 2 ?  0 . 9 3 9 0 . 9 9 3 1 0 0  0
2 . 5 7 5 3 8 8 3  0 . 9 2 8 0 . 9 8 8 1 0 0 0
2 . 6 0 0 3 8 4 6  0 . 8 2 9 0 . 9 4 2 0 9 8 8
2 . 6 2 5 3 8 1 0  0 . 7 1 7 0 . 9 0 1 0 9  8 ?
• 2 . 6 5 0 3 7 7 4  0 , 8 6 4 0 . 9 4 3 0 9 8 6
2 . 6 7 5 3 7 3 8  . 0 . 9 7 2 0 . 9 8 6 1 0 0 0
2 . 7 0 0 3 7 0 4  0 . 9 4 5 0 . 9 8 1 1 0 0 0
2 , 7 2 5 3 6 7 0  0 . 9 3 7 0 . 9 9 7 1 0 0 0
2 . 7 5 0 3 6 3 6  0 . 9 5 2 0 . 9 9 2 1 0 0 0
2 . 7 7 5 3 6 0 4  0 . 9 4 9 0 . 9 9 7 1 0 0 0
2 . 8 0 0 3 5 7 1  0 . 9 2 8 0 . 9 9 2 1 0 0 0
2 . 8 2 5 3 5 4 0  0 . 9 1 8 0 . 9 8 6 0 9 9 5
2 . 8  5 0 3 5 0 9  0 . 8 7 3 0 . 9 6 7 1 0 0 0
2 . 8 7 5 3 4 7 8  0 . 8 1 ? 0 . 9 3 2 0 9 9 6
2 . 9 0 0 3 4 4 8  0 . 7 2 8 0 . 8 5 5 0 9  4 3
2 . 9 2 5 3 4 1 9  0 . 6 6 1 0 . 7 8 2 0 9 1 4
2 . 9 5 0 3 3 9 0  0 . 5 9 ? 0 . 7 1 3 0 8 3 5
2 . . 9 7 5 3 3 6 1  0 . 5 0 3 0 . 6 5 2 0 7 8 3
3 .  0 0 0 3 3 3 3  0 . 4 4 1 0 . 5 3 8 0 6 6 9
3 . 0 2 5 3 3 0 6  0 . 3 8 0 0 .  4 7 2 0 5 7 3
3 . 0 5 0 3 2 7 9  0 . 3 1 6 0 . 4 2 2 0 5 3 8
3 . 0 7 5 3 2 5 2  0 . 2 6 0 0 . 3 6 0 0 4 6 8
3 . 1 0 0 3 2 2 6  0 . 2 7 ? 0 . 3 4 1 0 4 0 6
297
3 . 1 2 5 3 2 0 0
3 , 1 5 0 31 75
3 . 1 7 5 3 1 5 0
3 . 2 0 0 3 1 2 5
3 . 2 2 5 31 01
3 . 2 5 " 3 0 7 7
3 . 2 7 5 30 5.3
3 . 3 0 " 3 0 3 0
3 . 3 ? 5 3 0 0 8
3 . 3 5  ft 2 9 8 5
> 3 7 5 29 63
3 . L 0 ft 2941
3 . A 2 5 29 2 0
3 . A. 5 ft 2 8 9 9
3 .  A? S 2 8 7 8
3 . 5 f t  ft 2 8 5 7
3 , 525 2 8 3 7
3 . 5 5 0 281 7
3 . 5  75 2 7 9 7
3 . 6 0 f t 27 78
3 . 6 2 5 27 59
3 . 6 5 0 2 7 4 0
3 . 6 7 5 2721
3 .  70 0 2 7 0 3
3 . 7 2 5 2 6 8 5
3 , 7 5 " 2 6 6 7
3 .  7 7 5 2 6 4 9
3 . 8 f t " 2 6 3 2
3 . 82 5 2 6 1 4
3 . 8 5 0 2 5 9 7
3 .  8 7 5 25 81
3 . 9 0 0 2 5 6 4
3 . 9 2 5 2 5 4 8
3 . 9 5 0 2 5 3 2
3 - 9 7 5 2 5 1 6
4 . 0 0 0 2 5 0 0
. 201 n . 354 0 . 4 2 ?
. 2 0 " 0 ,. 3 4 6 0 . 4 3 3
. 2  37 0 . 3 4 2 0 .> 9  5
. 2 4  4 0 . 3 17 0 3 79
. 2  08 0, . 3 2 0 0 .> 2 6
. 1 76 • 0 . 2 6 0 0 . 3 2 6
. 1 8? 0 ,. 3 4 3 0, 34 8
. 1 6 9 o ,. 2 9 6 0, . 449
. 18? 0 . 284 0 4 0 8
. 2 2 6 ft 331 0 4 55
. 185 0, . 3 5 3 0 .. 3 69
. 173 ft,. 2 5 5 0 31 6
. 1 58 0 . 22 2 0 ?«1
. 1 7 ? ft, 2 79 0 3 ? 4
. 1 30 0. . 2  58 0 3 86
. 1 ?1 0, . 2 1 6 0 . 3 48
. 1 5 7 0. . 151 0. 3 2 ?
. 0 8 4 0. . 2 3 3 0. 25 8
. 125 0. . 2 0 6 0 . 344
. 1 33 0. . 2 1 4 0. . 321
. 084 0.. 171 0. 3 3 3
. 0 8 9 0. . 1 4 7 0 . 276
. 121 0. . 1 4 7 0 3?  5
. 1 21 0. , 2 7 8 0. ? 29
. 1 2 5 0. 251 0 . 269
. 0 8 6 0. 22 8 0 . 24 8
. 0 9 3 0. , 231 0 . 293
. 1 2 4 0. , 2 4 6 0 3 2 ?
. 0 7 1 0. , 1 0 7 0 38 6
. 1 6 0 0. , 1 7 4 0. 295
. 1 0 1 0. 27  9 0 . 3 2 0
. 0 7 5 0. 171 0 . 41 2
. 09 7 0 , 1 71 0 . 4  59
. 1 8 7 0. 2 8 7 0 , 403
. 0 8 4 0. , 1 8 9 0. 589
. 0 0 0 0. . 2 0 4 0 . 28.3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
APPENDIX V 
OVERLAPPING OF BANDS
TlliS OVERLAPPING OF BANDS
L a m b e r t 's  Law ( S e c t io n  3* 13 ) i n d i c a t e s  t h a t  th e  t r a n s m is s io n  o f  
monochromatic r a d i a t i o n  th ro u g h  an homogeneous a b s o rb in g  medium 
i s  g iv en  by th e  e x p r e s s i o n ­
's? = exp (-k^pL ) ............  (V .1)
Due to  th e  f i n i t e  b and pass ,  AV , o f  a s p e c t r o m e te r ,  th e  observed  
t r a n s m i s s i v i t y ,  > i s  th e  mean t r a n s m i s s i v i t y  o v e r  th e  f re q u e n c y  
i n t e r v a l  co v ered  by th e  b an dp ass .  P ro v id ed  th e  a b s o r p t io n  
c o e f f i c i e n t  does n o t  v a ry  t o  any e x te n t  o v e r  t h e  i n t e r v a l ,  th e n  
— Z\> , a n d : -
Z v  ~  exp ( - k vpL) ............  (V .2)
I f  monochrom atic r a d i a t i o n  p a s s e s  th ro u g h  a m ix tu re  o f  two a b s o rb ­
in g  g a se s  o f  d i f f e r i n g  o p t i c a l  t h i c k n e s s e s ,  t h e n  t h e  o v e r a l l  
t r a n s m i s s i v i t y  i s  g iv e n  b y : -
( £ \ > ) l +2 = exP “ [ ( k ^ p . L )  + ( k v 2P 2L ) J  = ( £ , v ) 1 . ( Z » ) 2  ( V.3 )
I t  h a s 'b e e n  shown ( 5 ,135) however, f o r  bands i n  t h e  i n f r a - r e d ,  t h a t  
a s i m i l a r  r e l a t i o n s h i p  betw een a p p a re n t  t r a n s m i s s i v i t i e s  does n o t  
n e c e s s a r i l y  h o l d : -
( C v ) % 2 ^  ( S v ) ' r  ( t v ) ' 2 . . . . . .  (V.4 )
T his  i s  r e a d i l y  e x p la in e d ,  s i n c e  th e  bandpass o f  th e  s p e c t r o m e te r  
i s  g e n e r a l l y  wide enough to  in c lu d e  a number o f  r o t a t i o n a l  l i n e s  
which a r e  r e a d i l y  p r e s s u r e  b roadened by th e  p re s e n c e  o f  th e  o t h e r  
g a s .  I t  has  been e x p e r im e n ta l ly  d e te rm in ed  (19 ) however t h a t  f o r  
sm a ll  p a r t i a l  p r e s s u r e s  o f CO2 and H20 v a p o u r ,  t h e  f o l lo w in g  
r e l a t  i o n s h i p : -
& J ( c o 2 + h 2o) = t 4  (C02 ) .  Y ( h 2o) ............  ( v . 5)
does a p p ly  p ro v id e d  c o n s ta n t  t o t a l  p r e s s u r e s  and p a th l e n g t h s  a r e  
used when d e te rm in in g  th e  r e l e v a n t  v a lu e s  o f  Z f  • T h is  i s  known 
a s  B u rc h 's  Law. The Law was found to  be a p p l i c a b l e  w h e th e r  o r  n o t  
n i t r o g e n  d i l u t i o n  was n e c e s s a r y  to  en su re  c o n s t a n t  c o n d i t i o n s  o f  
t o t a l  p r e s s u r e .
I n  th e  c a se  o f  band a b s o r p t io n ,  Burch e t  a l  (19 ) assumed t h a t  th e  
c o n t r i b u t i o n  o f  C02 to  th e  t o t a l  a tm o sp h e r ic  a b s o r p t i o n  i n  th e  
2 .7  pm r e g io n  co u ld  be r e p r e s e n te d  b y : -
J ^ V  (H2.O+C 0%) d\> = J<9<v(H2.0)dV + G. JoC^CO^Jdv)   (V .6)
The c o n s ta n t  G was e m p i r i c a l ly  d e te rm in e d ,  be ing  such t h a t  G = 1 
when (H2,0 )dv> = 0 and G = 0 when JoC^ (H^O) d\> was ve ry  l a r g e .
S im i la r  r e l a t i o n s h i p s  were d e te rm in e d  f o r  o t h e r  s p e c t r a l  r e g io n s  
in v o lv in g  CO2. and H^O vapou r  band o v e r l a p s ,  e g : -
i )  1 .4  yum and 1 .6  yam CO^ bands w ith  1 .4  yam H^O band,
i i )  2 .0  yam C0Z band w ith  1 .9  yum H2.O band,
i i i )  4 .8  yum and 5*2 yam CO^ bands w i th  6 .3  yam H20 band,
b u t  th e s e  were u n in fo rm a tiv e  due t o  th e  weakness o f th e  CO^ bands.
Hines and Edwards ( 55 ) showed t h a t  t h e  band a b s o r p t io n  o f  H^O and 
CO2. m ix tu re s  can be a c c u r a t e l y  e v a lu a te d  from t h e i r  own w ide-band  
c o r r e l a t i o n s  ( 32 , 33 , 34 , 36 ) based  upon l o w - r e s o lu t i o n  m easurem ents 
o f  s p e c t r a l  a b s o r p t i v i t i e s .  T h is  r e q u i r e s  th e  summation of th e
p ro d u c ts  o f  narrow -band  a b s o r p t i v i t i e s  i n  th e  o v e r la p p in g  r e g i o n s .
A s im p le r  a p p ro ach , th e  b lo ck  a b s o r p t i o n  a ssu m p tio n ,  was p ro posed  
by Edwards and N elson (35) and dev e lo ped  by H ines and Edwards. T h is  
assumes t h a t  th e  t o t a l  band a b s o r p t i o n  of one o r  bo th  th e  a b s o rb in g  
g a se s  can be c o n c e n tr a te d  i n  a  b la c k  r e g io n  o f  c e r t a i n  s p e c t r a l  
w id th ,  th e  l o c a t i o n  be ing  f ix e d  by th e  band c e n t r e  o r  a band h ead . 
The e q u a t io n s  s u b s e q u e n t ly  d e v e lo p ed  t o  r e l a t e  t h e  band a b s o rp ta n c e '  
o f  th e  m ix tu re  w ith  th o s e  o f  th e  i n d iv i d u a l  g a se s  were ap p ro x im ate  
o n ly ,  bu t a d eq u a te  f o r  e n g in e e r in g  u se .
When c o n s id e r in g  t o t a l  e m i s s i v i t i e s  o f  gas  m ix tu r e s ,  L eckner (78) 
su g g e s te d  th e  fo rm :-
&(Hz 0*C0z ) = £(H z O) + & (C 02 ) — A g ,   (V .7 )
where a 6  i s  a  c o r r e c t i o n  te rm .  U sing e q u a t io n  (29) i n  s e c t i o n  
3 . 1 37 th e  c o r r e c t i o n  f a c t o r  can  be found t o  b e : -
A 6 =  J 6 v(H20 ) .  &v,(C02 ) .E b ^  .d \ > / c r .  T4   (V .8 )
Leckner developed  c h a r t s  o f  th e  c o r r e c t i o n  f a c t o r s  f o r  v a r io u s  
te m p e ra tu re s  and p a th l e n g t h s ,  and com parisons were made w i th  s i m i l a r  
c h a r t s  p re p a re d  by H o t t e l  (5 8 ) .
P enner  and V a ra n a s i  (97) c a r r i e d  ou t a t h e o r e t i c a l  a n a l y s i s  o f  t h e  
e f f e c t s  o f  s p e c t r a l  l i n e  o v e r la p p in g  on th e  t o t a l  e m i s s iv i t y  o f  
H20 -  CO2 m ix tu re s  a t  t e m p e r a tu re s  i n  e x c e ss  o f  800 K. These
300
c a l c u l a t i o n s  were compared w ith  th e  c o r r e c t : o n e  d ev e lo p ed  by 
H o t te l  and E g b e r t  ( 5 8 ,5 9 ) .  Agreement w i th in  35$ was q u o te d .  A 
s i m i l a r  e v a l u a t i o n  was made by Echigo (27) based  on t e n t a t i v e  
p h y s ic a l  models o f  th e  r a d i a t i o n  i n t e r a c t i o n  mechanisms between 
00^ and H2.O.
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a a b s o r p t io n  in d e x ;  d im e n s io n le s s  c o n s ta n t
A a p p a re n t  a b s o r p t i v i t y
Ag t o t a l  band a b s o rp ta n c e  o r  e q u iv a le n t  bandw idth
Ab d im e n s io n le s s  t o t a l  band a b s o rp ta n c e
Ao s p e c t r o s c o p ic  c o n s t a n t
b Boltzmann c o n s ta n t
B S e l f - b ro a d e n in g  c o e f f i c i e n t  i e .  r a t i o  o f  l i n e  b ro ad e n in g
a b i l i t y  o f  a b s o rb in g  gas  to  t h a t  o f  n i t r o g e n
0
B s p e c t r o s c o p ic  c o n s t a n t ;  4 x mean l i n e  w id th  t o  sp a c in g
r a t i o  a t  1 atm . (Goody e q n . )
c 0 speed  o f  l i g h t  i n  vacuo
c speed o f  l i g h t  i n  medium
a- )1 ) c o n s t a n t s  i n  P l a n c k 's  e q u a t io n
°2 )
C2 mean l i n e  i n t e n s i t y  to  sp a c in g  r a t i o  (Goody e q n .)
Co s p e c t r o s c o p ic  c o n s t a n t
Caa )( c o n s t a n t s  in v o lv in g  m asses and o p t i c a l  c o l l i s i o n  d ia m e te r s  
Gab j o f  a b s o r b in g  and b ro ad e n in g  g a se s
d l i n e  sp a c in g
D d ia m e te r  o f  a to m s /m o le c u le s
Daj sum o f  o p t i c a l  c o l l i s i o n  d ia m e te r s  o f  a b s o rb in g  m o le cu le
and m o lecu le  o f  ty p e  j
E e m iss iv e  power, i e .  en ergy  e m it te d  p e r  u n i t  a r e a  p e r  u n i t
t im e  p e r  u n i t  w a v e le n g th
E 1 energy  of lo w er  l e v e l s  in v o lv e d  i n  t r a n s i t i o n s  p ro d u c in g
ho t bands
Ep energy  o f  a  pho to n
f  f u n c t io n  o f
f 1 L o re n tz  l i n e - s h a p e  f a c t o r  o r  p a ra m e te r
f c  c o l l i s i o n  f re q u e n c y
F f o r e ig n - g a s  b ro a d e n in g  c o e f f i c i e n t  w i th  r e s p e c t  t o  n i t r o g e n
i e .  r a t i o  o f  l i n e  b ro a d e n in g  a b i l i t y  o f  b ro a d e n in g  gas to  
t h a t  o f  N2.
h P l a n c k 's  c o n s t a n t
i  i n t e g e r
I  r a d i a t i o n  i n t e n s i t y
JN B e s s e l  f u n c t i o n  o f  n rt h  o r d e r  
k a b s o r p t io n  c o e f f i c i e n t
k '  a p p a re n t  a b s o r p t io n  c o e f f i c i e n t
K e x t i n c t i o n  o r  a t t e n u a t i o n  c o e f f i c i e n t
K o p t i c a l  t h ic k n e s s  o r  o p a c i ty
1 g e o m e t r i c a l  p a th l e n g th
L t h i c k n e s s  o f gas  l a y e r
Ma mass o f  m o lecu le  o f  a b s o r b in g  s p e c ie s
Mj mass o f  m o lecu le  o f  ty p e  j
n r e f r a c t i v e  ind ex  o f  medium
Nj number o f  m o lecu le s  o f ty p e  j  p e r  u n i t  volume
p p a r t i a l  p r e s s u r e
P t o t a l  p r e s s u r e ;  p r o b a b i l i t y  f u n c t i o n
Pjj e q u iv a le n t  b ro ad e n in g  p r e s s u r e
PE d im e n s io n le s s  e q u iv a le n t  b ro ad en in g
R a p p a r e n t  r e f l e c t i v i t y ;  gas  c o n s ta n t
S° l i n e  i n t e n s i t y  a t  s t a n d a r d  c o n d i t i o n s  (T0 = 273K, B0 = 1 atm)
SB band i n t e n s i t y  o r  s t r e n g t h
Sb ' a p p a re n t  band i n t e n s i t y  o r  s t r e n g t h
S i  l i n e  i n t e n s i t y ,  l i n e  s t r e n g t h ,  i n t e g r a t e d  a b s o r p t io n  
c o e f f i c i e n t
t  a v e ra g e  t im e  betw een c o l l i s i o n s
T a b s o lu te  te m p e ra tu re ;  a p p a r e n t  t r a n s m i s s i v i t y
u a b s o r b e r  c o n c e n t r a t i o n ,  a b s o r b e r  t h i c k n e s s ,  o p t i c a l
t h i c k n e s s ,  o p t i c a l  d e n s i t y ,  o p t i c a l  d e p th
w mass p a th l e n g t h
w d im e n s io n le s s  mass p a th l e n g t h
Wl e q u iv a le n t  w id th  o f  l i n e
x mole f r a c t i o n  o f  a c t i v e  g a s ;  s p e c t r a l  l i n e  p a ra m e te r
( S ip L /  2t t  7) )
z s p e c t r a l  l i n e  p a ra m e te r  ( V>/d)
cX a b s o r p t i v i t y
. (X mean a b s o r p t i v i t y
of  a p p a re n t  a b s o r p t i v i t y
/3 s p e c t r a l  l i n e  p a ra m e te r  ( 2 T r / /d )
IS l i n e  h a l f - w i d t h
X h a l f -w id th  a t  s t a n d a r d  c o n d i t i o n s  (T0 = 273K, P0 -  1 atm)
& e m i s s i v i t y
X  w av e le n g th
V f re q u e n c y
p  d e n s i t y  o f  gas  o r  v a p o u r ;  r e f l e c t i v i t y
a p p a re n t  r e f l e c t i v i t y  
S te fan -B o ltzm an n  c o n s t a n t  
t  ran sm is  s i v  i t y  
a p p a re n t  t r a n s m i s s i v i t y
c o r r e c t i o n  f a c t o r  t o  L o re n tz  l i n e  shape f a c t o r  i n  th e  
wings o f  a s p e c t r a l  l i n e
wavenumber
ban d -p a ss  o r  s p e c t r a l  s l i t  w id th  o f  s p e c t ro m e te r ;  f re q u e n c y  
r e g io n  i n
S u b s c r ip t s
a  a b s o rb in g  gas
b b la c k -b o d y ;  b ro ad e n in g  gas
B s p e c t r a l  band
e e f f e c t i v e
g g re y  body
G- gas
i  so u rc e  o f  i n c i d e n t  r a d i a t i o n
1 s p e c t r a l  l i n e
o i n c i d e n t l  c e n t r e
s s u r f a c e
C02. carbon  d io x id e
CO carb on  monoxide
H20 w a te r  v a p o u r
X  s p e c t r a l
1O'
z J
X
cd
oo f o r  i n f i n i t e  number o f  r e f l e c t i o n s
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